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ite EPFECTS OF A SERIES OF POISOAS ON DUI 


I. INTRO! 


HIE original object ot this research sisted 1 e alt t 
localize the site oc action ¢ a series ¢ | ns, DV <« rvil 


stage of embryonal development at which the specific action w 
make its appearance. It was thought that th ou » don \ 
determining the just fatal dose at different periods of develop t 


The attempt proved unsuccessful, on account of the very V action 
of the majority of poisons on the fundulus eggs, which ma t quite 
impossible to confine the ettects to any particular pet (see the 
sec nd paper ). 

The research was, therefore, changed to a determination of the fatal 


at ditferent ages, in sea water and distilled water e eft 


> 


doses 


. 

\ND EMBRYONIC FUNDULI 
By TOR IN 

Ill. Eff s of 

V Ap = 

\ Pempor 
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on the embryonal heart were also studied, as the material is well 
adapted to these observations. Whilst the results did not lead to 
any very important generalizations, the data appeared of interest in 
view of the adaptability and extensive use of Fundulus material in 
biological research. 


A summary of the principal conclusions follows each section. 


Il. Merruops. 


In experimenting on the adult funduli, three fish, about 5 cm. in 
length, were placed in a finger-bowl with 150 cc. of the solution. 
The bowl was covered with a glass plate, leaving a little space for an 
exchange of air’ Observations were made at intervals during a day. 
When the drug was administered in distilled water, the fish were 
first washed several times to remove the adhering sea water. \ 

Numerous control experiments showed that the fish of this size 
usually remained normal for several days under this confinement. 
Specimens of Fundulus majalis and of Stickleback, as also large 
individuals of Fundulus heteroclitus, die within a short time from 
asphyxia, and were therefore not used. Specimens which showed 
ulcers of the nose and especially of the abdomen succumbed to con- 
siderably smaller doses and were not counted. 

Occasionally one of the control specimens would die under the 
normal conditions of the experiment. This introduces a little uncer- 
tainty into those observations in which a partial fatality occurred ; 
but it is generally easy to decide whether death was due to the 


poison or to other causes, by control experiments, by the onset of 


the symptoms, and by the rapidity of death. 
The question must be considered whether the fatal effect is due 
solely to the poison and represents the true fatal dose; or whether 
it is due to the combined influence of poison and confinement. The 
latter is rendered unlikely by the general agreement between the 
adult specimens and those which were just hatched and in which 
the need for oxygen, etc. must be quite different. In so far as the 
observations are comparative, this question is of no importance, for 
the confinement factors were constant in all the experiments. : 
The recently hatched embryos and the ova were observed in y 


Syracuse watch-glasses, with from 8 to 10 cc. of solution. These 


were stacked. Control specimens lived a week or longer. 


The following stock-solutions were used in making the dilutions: 


| 


Effects of Poisons on Adult and E 


Hydrocarbon narcotics Chlora ydrate, 10 per cent In dist 1 wat 
Salts. Barium chlorid, 1 per cent in dist | water: 
cent in distilled water ; sodium oxalate, 1 
tassium cyanid, o.1 ( 1 sea wat 
Veutral principles Digitalin germ. Mere 
toxin I r cent in \ I ) CT \ I 


{/Ra \tro at 1 per 0 r 
Im lypodern t ts: ca sodiun e. I 
hydrochlorid crysta 1 per per 
Varocior my \ ( 
I per cent tilled w ind water t ' 
cent in dist water and in sea water; \ trin ! t 
distilled water ) SE water 


III]. Errects oF PoIsoNsS ON FUNDULUS HETEROCLITUS, TOGETHE! 


WITH SOME FACTORS WHICH INFLUENCE THE TOXICITY 


Symptoms. — With all the poisons except strychnin the sympt 
were those of paralysis. In adults these pro 

General Paralytic Phenomena lorpor. Slight inco-ordination 
of swimming movements. Weakening, and tendency to float on 
side, then on back. Swimming quite “ groggy,’ sometimes on back 
At times unable to SWIM, then recovered ability. Gradual disap- 
pearance of reflexes. Stoppage of respiration. Gasps Death 
Rigor mortis. The color of the skin often becomes darker and more 


vivid toward death. 


In strychnin potsoning torpor is preceded by exaggerated 


reflexes. When the table is tapped, tetanic contractions, especially 


of the pectoral fins, can be obtained far into the course of poisonin 


In morphin poisoning the skin was covered by a white scurf 
The recently hatched embryos exhibit even less variety of symptoms, 
as follows: Absence of spontaneous movements and lessened re 


sponse to touching with the needle. Tail alone moves. Float on 


side or back. Rhythmic movements of fins and gills persist for a 
considerable time after all voluntary muscles are paralyzed. No 


convulsive effects were observed with strychnin. (This agrees with 


l 


the observations of Pickering ' | p. 457| on embryonal chicks. ) 


The transparency of these young fish permits the observation of 


1 J. W. PICKERING: Journal of physiology, 1893, xiv, pp. 383-466 


sea wate! 
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the 4eart. This was made slow and irregular by strychnin, veratrin, 
digitalis, and quinin. It was scarcely changed by chloral, picrotoxin, 
and morphin. 

The é/o0d (in the newly hatched) showed post-mortem laking after 
chloral and digitalis; it appeared also as if strong solutions of chloral 
(1: 100) caused some laking during life. 

Time of appearance of symptoms and of death. With the just 
fatal to twice fatal doses of the majority of poisons, both in adults 
and in the newly hatched, the first distinguishable paralytic symptoms 
are observed in about one to five hours. The paralysis is advanced 
or almost complete in four to nine hours. Death occurs in nine to 
eighteen hours in adult fish, in sixteen to thirty hours in newly 
hatched. The adult fish always die within twenty-four hours, if a 
all. With the newly hatched embryos, the voluntary muscles (ex- 


} 
i 


cept fins and gills) are also paralyzed within this time, althoug 
death may be deferred for several days. 


The following poisons constitute exceptions to the general de- 


scription: 


The onset of the paralysis is exceptionally s/ow with the 1 ff bout six 
hours; death in about sixteen hours); and with morfhim (onset g rally 
sixteen hours, exceptionally in two hours ; death generally in twenty 

The course of the intoxication is very rapid with: 

Digitalin. — Onset in one and one-half to two hours ; death in about six hour 
(extremes, less than one hour to thirty-six hours 

Nicotin. Onset in two minutes with moderately large doses; death wit 
twelve minutes with large doses, two to thirty-six urs W just f 
doses. 

Cyanid of potassium. — Larger doses in adults, onset within one 1 
death within five hours. On newly hatched, it conforms to the g¢ 


description. 


With all the poisons the course of the poisoning is materta// 
shortencd by increasing the dose, beginning paralysis being notice 
able in about half an hour, complete paralysis in half an hour to 
three hours, death in one to six hours, after large doses; but a con- 
siderable increase of dose (about five times the just fatal) is required 
to shorten the poisoning materially 

This is illustrated by the following condensed tables, which show 


also the ordinary limits of variation : 
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25,000 


20.000 


EXAMPLES FROM RECENTLY HATCHED 


E, ONE PART IN SEA WAT! 


200,000 
100,000 
10,000 


1,000 


100,000 


10,000 


The course of intoxication is the same whether the poison 7s ad- 
ministercd in sea water or distilled water; but the fatal dose may be 
different in the two solutions, as will be shown below. 

In recently hatched fish a longer time intervenes between the 
complete paralysis (excepting the fins) and death, than is the case 
in adults. With potassium cyanid the first symptoms also appear 


TABLE I ( ft ) 
f SAPONIN, ONE PART IN SEA WATE! 
Strength of 
Beginning paralysis \dvan lea 
CHLORAL Hy Ri 
Concen Beginning Advanced Paralyzed with ex- 
tration paralysis paralysis ption of fins ; 
100) 2 hrs 22 hrs 30 48 
100 S min min 
STRYCHNIN SULPHATE, ONE Pa IN SEA Watt 
13 43 hrs $4 & 24 = hrs. 6 22 hrs 24 hrs 
2X 7} ™ ll hrs. * 
1 ‘ <] Ahr 
VERATRIN SULPHATE, ONE P r IN SEA WATEI 
mess CX «20 20 29 hrs () 29 hrs 8) 12 brs 
& 50min x K Zo * 34 xX 22 


Effects of Potsons on Adult and Emobryoutc 
later than with adults. With these exceptions, the does not in 


fluence the action, although it may modify the fatal se. (Ova are 


not included in this conclusion.) The s7se of the fish appears to act 
only by producing asphyxia in confinement. Ser has no effect 


the fatal dose or on the time of the symptoms or ot leat! 


Recovery. — This does not usually occur if the fish are left 1 tne 
solution; in other words, sublethal doses produce practically no 1 


ticeable effect; if plainly marked paralytic symptoms occur est 
are almost invariably followed by death The only drugs with which 
recovery was observed are potassium cyanid, saponin, chloral, at 


occasionally and temporarily, nicotin 


If the animals are fransferrvred ¢ NPIS / water at the moment 


when paralysis is complete, prompt recovery is the rule. It was ob 
served with cyanid, nicotin, and strychnin; but if even a few minutes 
elapse between the complete paralysis and the transfer, there is no 


recovery. This was seen with chloral, cyanid, 1 tin, strvcehnir 


and veratrin. 


Unequal fatality. With doses near the fatal limit, the tterent 
individuals in the same bow] are often unequal], tfecte he 


inequality refers particularly to the time of the development of the 


symptoms and of death. This holds true of picrotoxin, quinin, and 


strychnin. In some cases, however, it was absolute; 7.¢., whilst 


some individuals died, others remained apparently normal \ fatality 
of one out of three could doubtless be referred in many instances to 
injury or disease; but a fatality of two, with the third fish quite not 
mal, is scarcely to be explained in this manne his was seen es- 


pecially with chloral, sodium fluorid and oxalate, potassium cyanid, 
digitalin, caffein, nicotin, and veratrin. It must be remembered that 
this inequality occurs only with doses very near the fatal limit It 
is probably less common than the similar inequality observed with 
mammals and frogs. The inequality was uncommon with saponin 
and morphin. 

Fatal concentrations. Column five, Table II, shows that the con 
centration necessary to kill all the fish, exceeds that which kills two- 
thirds of the fish by from 10 to 200 per cent, commonly (in half the 


cases) by 33 to 50 per cent; the mean figures of all experiments and 


all drugs is 33 per cent. It is therefore possible to calculate one 


dose from the other with considerable certainty 


A small difference means that all the individuals have very nearly 


the same susceptibility, or that the paralytic and fatal doses lie 


1c 
| OOO SZ (| \ 
OOO SS OOO SZ OOOOS \ 
jl OND OOO'S! ( (WHY (| \ 
OON'OST 
Ag | OOO'SLS OSE OOO OOF OOO OSb) 
OOO OOL S 1] 
, OOO'OS OOO OOO'OS OOO'OSZ) ad H 
$$ ( (| \ 
< 
8 ‘ ‘ ur ‘ OOO Oc nur 
| OOS L PUe OOO OT OOO'S } pur y 
OOO OOT 
> I: ¢¢ 00002 OOO'ST ODN OOT \ 
Z one's pur OOO! OOO'S OOO'OT (| 1 P \ 
4 [:] OSZ pur OOS OOS \ 
~ 
~ 
10} uoy 


A 


Il] 


Pe) 
H 
} iv 
ayy 105 
I 
[[uustp 
~ S 
) 
> 
> 
ont 
a. 
> 
= 
| 


=x = 
x= 


100 000 


H 


OOM) 


OO) 


(K) 


(aM) 


2) 
Liffects Of fotsonrs on Adult wad fauna 
4 
= => = = === 
= = =< = = 
= 
Su Su : EX + 
a0 = 7 j 


10 Torald Sollmann. 


close together; this is seen with picrotoxin, quinin, and strychnin; 
whilst chloral, digitalin and veratrin show a large difference between 
the two doses. 

Column six compares the foricity 7v distilled water and sea wat 
The toxicity is generally greater (7. ¢., a lesser concentration is fatal ) 
in distilled than in sea water. The only exceptions to this rule are 
chloral and probably nicotin, in which there is no difference; and 
saponin and perhaps caffein, which are more toxic in sea water 
(barium chlorid and sodium fluorid and oxalate could not be 
compared ). 

The ratio of the toxicity in sea water to the toxicity in distilled 


water is shown by the following: 


More toxic in st l Same in distilled a More tox n sea 
water 

Potassium cyanid 1 : 2. Chloral. Saponin oy 
Digitalin 1: 1}. Nicotin (?). Caffein (?) > 1:1 
Picrotoxin 1. 2. 
Morphin 1 : 2. 
Quinin 1 ae 
Veratrin 1:35 
ly 


[he poisons which are more toxic in distilled water differ wide 


in chemical and physical properties. 


not dependent on the chemical nature of the poison, for the di 
ferent classes are pretty uniformly distributed over the three 
groups. 

It may be assumed that distilled water increases the toxicity either 


by hastening absorption, or by lessening some other factor of resist- 


ance. Speculation as to this would be idle in the absence of specific 
data. In the case of saponin, however, a very probable theory may 
be formulated: Saponin generally increases the permeability of 
membranes. Since the concentration of the fundulus blood doubt- 
less lies much closer to distilled water than to sea water, it is easy to 
understand how an increase of permeability would be more harmful 
with sea water than with distilled water. 

Column ten shows the influence of age on toxicity. The ratio of 
the toxicity for the adult fish (A) to the toxicity for the recently 


hatched fish (H) is: 


[he relative toxicity in distilled water and sea water is evidently 


Sodiu 1u01 \1 N j 
Sod Xx t \ 
Pict 
\ 
next 
The toxicity ma ynstant for tw eeks afte ‘ 
+ follawyi y 
Nicoti I 
On 
\ +r > 
These figures were vn mainly from the toxicity 1 Wat 
but the ratio is t same 1 listilled water, even nt Cast 
wh he t t t t } 
which the tox 1S In tne m lla 
( EN] ) 
i 
In wat I I 
In dist vater 1 : 10, I 
I would not, at this time, risk any explanation for the variat of 
the toxicity with ag It is te proba that the « wnat 
for the different drugs 
The simultaneous application of several poisons I ibunda » ol 
the Fundulus material makes it eminently suitable for studi 
antagonism and synergism of poisons [he essentially equa 
tion (as evidenced by the almost uniform time required | 
t] h] t 
cdeath) is aiso a favorable tactor 
Mr. G. EK. Fahr made some of these experiments under my direct 


The results are sufficient to indicate the possibilities 


but the investigation would need to be carried much farther t 
practical results. 

he experiments consisted in administering strychnin with the 
series of poisons, always dissolved in sea water. -mbrvyos wee 


old were used, with the technic previously described The result 


are given briefly in Table III. 
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Column two shows the concentration just fatal to two-thirds of the 
animals, derived from my entire series of experiments. 

Column three states the extremes of mortality in different series of 
experiments, the average of the entire series being given in column 
four. 

Columns six to nine show the fatality when strychnin was added 
to the solution. The concentrations state the amount of strychnin 
which we supposed to be present, but the fatality for the strychnin 
alone indicates that the stock solution was too weak, for some 
unknown reason. The concentration as stated is therefore only rela- 
tive. lor this reason it is impossible to draw quantitative conclu 
sions. The qualitative results are stated in column ten. They show 
that the strychnin modifies the toxicity of the poisons as follows: 

1. The toxicity is neither greater nor less than where the poison is 
used alone; chloral, morphine ( ? ), quinin, veratrin. 

2. The toxicity is greater, but not as great as would correspond to 
the sum of the toxicity of the two poisons: potassium cyanid(? ); 
caffein ‘?); nicotin, 

3. The toxicity corresponds approximately to the sum of both 
poisons: digitalin, picrotoxin, saponin. 

In no case was there any evident antagonism; 7. ¢., the strychnin 
never lessened the toxicity of the poison. This result was unexpected, 
but it applies only to the conditions of the experiment; it is quite 
possible that an antagonism would be observable in some cases if 
these conditions were varied, — if, for instance, a half or quarter fatal 
concentration of strychnin were added to the lethal concentration of 
the drug. This is indicated by some experiments on adult fish: 

Two out of three fish die when placed in 1 : 200,000 strychnin, or 
1 : 333 chloral. Combining the two poisons in this concentration 
increased the toxicity, so that all the fish died. When a third of the 
fatal dose of chloral was added to the 1 : 200,000 strychnin, only 
one fish died out of three. The chloral therefore has a distinct, 
although slight, saving effect in this ratio. This was not sufficient to 
save animals placed in I : 150,000 strychnin. 

The uncertainty as to the strength of the strychnin precludes any 
conclusion as to the existence of synergism; 7. ¢., of a greater tox 
icity than would correspond to the sum of both poisons. This could 
of course occur only with digitalin, picrotoxin, and saponin ; but the 
results speak against the probability of such an action. 


he 


Two of the drugs which give complete summation belong to 


' 
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saponin group. I¢xperiments on ova indicate that these 
absorption and thereby the toxicity of strychnin ind = th 


account for the summation. The summation in the cas 


toxin, caffein, and nicotin may be physiologic, since these act partly 
on the same structures as strychnin. With the cyna r 
that the summation is due to asphyxia. It is interesting that there 
is no summation with quinin and veratrin, which probably 
different structures 

Conclusions. — Funduli respond to a large variety of isons by 
a simple, progressive paralysis, with few special symptoms. \W n 
the drug is placed in the water, the course of the poisoning is q 


slow when the concentration is near the fatal limit; it can be mat 


ally shortened by increasing the concentration (Table 1) Nicotin 


and digitalin act most rapidly. 

A list of fatal concentrations is furnished in Table II The conce 
tration necessary to kill all the fish generally exceeds by one-third 
that required to kill two-thirds of the animals. The toxicity is gen 
erally twice as great in distilled water as in sea water; wi 
however, the reverse holds true, which is readily explained by 
mechanism of its action. The toxicity of chloral and probably 


nicotin and caffein is the same in both media 

Recently hatched fish are considerably more susceptible than 
adults to three of the poisons, much less susceptible to four; with six 
poisons the toxicity is the same for both. The differences, when 
present, hold for both sea water and distilled water 


The result of the addition of strychnin to other poisons own 


in Table ITI. It was not observed to lessen their ettect Vi 
poisons there was no addition of the toxicity ; with three a partial 
addition occurred; three others showed complete summation of the 


toxic etiects. 


IV. Tue Errects or Poisons oN THE DEVELOPING Ova, WITH 


ESPECIAL REFERENCE TO THE Embryonic Hi 


The ova were fertilized and allowed to develop for variable periods 


when three to five specimens were placed in Syracuse watch-glasses 


with the solution to be tested, and observed at intervals until deat 
The poisons were those of the preceding paper; but it was soon 


noticed that larger doses were required and that the poisoning ran a 


much slower course. To this there are very few exceptions. 


| 
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The action of the heart can be watched very easily, furnishing 
a good opportunity for the observation of the cardiac effects of these 
poisons In the foliowing, these are compared with the results 
obtained by Pickering! on the nerve-free heart of the embryonic 
chick. Stress of other work in the limited season prevented me from 
investigating the time when the nerves appear in the fundulus heart, 
nor could I find any data on this question. It is, of course, of funda- 
mental importance for the interpretation of my results. The very 
slow action of my poisons also constitutes an important difference 
between my observations and those of Pickering. 

The course of normal development. — The rate of development is 
considerably influenced by the temperature and perhaps by other 
conditions. 

Within an hour after fertilization the blastodisc can be observed. 


[he four-cell stage is reached in about two to three hours; eight cells 


in four and one-half hours; large number of cells in seven and one- 
half hours. The primitive streak appears in about thirty hours. In 


one to two days the embryo is well developed, but without pulsating 


heart. The heart is seen pulsating in about two and one-half days, 
and the vessels are visible a half-day later. The development then 
proceeds gradually until the time of hatching, which begins in eleven 
to seventeen days (mean, thirteen and one-half days). The different 
eggs of a single lot hatch at somewhat different times, the period of 
hatching extending over nearly a week. Three days after the hatch- 
ing of the first eggs may be accepted as a fair average. 

Summary of the results It seerns more profit ible to pro¢ eed at 


once to the discussion of the main results, leaving the details for the 


appendix, where they may be consulted. 


Changes in the appearance of the embryo Chloral 1: 100, and 
barium chloride 1: 100, produced a yellow discoloration of the em- 
bryos and rendered the tissues more transparent. The blood is also 
partly laked. The effect occurs in one or two days.’ Barium 
chlorid in 1: 1000 dilution does not produce this effect. 


Digitalin and saponin, in fairly strong solution, also /7ke the blood, 
but do not cause discoloration and transparency of the tissues. 

Poisons which cause rapid death of the segmenting ova (2. ¢., 
before the development of the embryo) also produce /gucfaction of 
the protoplasm. Potassium cyanid, digitalin, quinin, and veratrin 


belong to this class. 


1 J. W. PicKERING: Journal of physiology, 1893, xiv, pp. 383-466 
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tubular, and consists of a pulsating sinus, auricle, and ventricle, 
which beat in regular sequence at a rate varying between 90 and 
160 per minute, according to the specimen and according to cir- 
cumstances. The influence of temperature is fairly pronounced. 
In the majority of cases, however, the rate is very close to 120 
Aconitin and apomorphin could not be well studied. Sodium 
fluorid and picrotoxin have but little effect, producing a slight 
weakening without the change of rate. Atropin also had but little 


effect, causing a moderate slowing without weakening. 

All the other poisons produce very pronounced changes in the 
heart, of which progressive s/owzvg is a prominent feature. 

The poisons may be grouped under two types, the diastolic and 
systolic. 

The diastolic type slows and weakens the beats from the start, 
the heart remaining fairly dilated and retaining a fair quantity of 
blood, even after stoppage. This occurs in the median position. 

This group includes chloral, potassium cyanid, saponin, nicotin, 
and quinin. 

With saponin the weakening is much more pronounced than the 
slowing. With quinin the heart sometimes, but rarely, becomes 
permanently contracted and stringy. 

The systolic type shows at first moderate slowing, but with some 
increase in the force of the contractions and a distinct systolic 
tendency. The slowing becomes more and more pronounced, and 
the contractions progressively weaker. This weakening is evidently 
due to decrease of the diastolic expansion. The quantity of blood in 
the heart decreases, there being usually an accumulation behind the 
sinus. The heart becomes more and more contracted, until it appears 
finally as a weakly pulsating, bloodless cord, a condition which may 
be conveniently termed “ stringy.” 

This group comprises barium chlorid, digitalin, caffein, physostig- 
min, pilocarpin, strychnin, and veratrin. 

The changes go through the entire cycle, as described, in caffein, 
pilocarpin, I : 1000 strychnin. 

‘With the other drugs (barium chlorid, digitalin, veratrin, and 
I: 10,000 strychnin) the changes start in the same manner, but do 
not go so far, the heart stopping when still fairly dilated, and con- 


taining a small quantity of blood. The later phases of physostigmin 


were not observed. 
Three of the drugs of this group show a slight, rather doubtful 


| 
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acceleration, preceding ie slowing, viz. a 


veratrin. This quickening was so small that it m t 
accidental It was absent wit the other ugs of t 

Irregularity is present in both series. It consists either in aryt 
mia or regurgitation and reversal of the contractio 

Arythmia.— When this o s, it is almost always pr 
excessive slowing of the ventricle In only ery few 
instances was the auricle observed to beat slower than the vent 
in a very few cases it has the same rate as the ventricle, and s 


than the sinus.) The ventricular slowing was present in ra 

potassium cyanid, nicotin, and quinin of the diastolic group, and in 
barium chlorid, strychnin, and veratrin of the syst Froul It was 
absent in saponin of the diastolic 
of the systolic 


roup 


The rate of the slowed ventricle is usually quite regular, and bears 
a definite simple ratio to that of the auricle and sinus, isually 1: 2 
but sometimes as slow as 1:10. Irregularities are seen only at the 


start, when the ventricle still beats at nearly the rate of the other 

parts of the heart, dropping an occasional beat (veratrin); and rarely 

and toa slight degree with barium chlorid and digitalin. With th 

last drug an alternating fast and slow rhythm is sometimes ob 
Regurgitation and reversal of thi ts. This is acommon phe 

nomenon with most of the poisons which produce arythmia hlor 

potassium cyanid, digitalin (rare), nicotin, quinin, strychnin, veratrin 


(occasionally); but it was not observed with barium chlorid It is 


especially prominent with nicotin. It is sometimes due to str 


contraction of the ventricle, with weak closure of the ilvular po 
tion. In other cases, however, the direction of the contraction 
undoubtedly reversed These reversed beats alternate wit normal 


+ 


beats, often in groups. This is especially marked with strychnin, 


single contraction in the right direction being followed by at 
in the reversed direction, and then by a rather prolonged pause, w 
the cycle is repeated 

Temporary recovery from the irregularity, especially from the aryt 
mia, is common. It was observed with barium chlorid, caffein, t 
strychnin, and veratrin 

The conduction of the contraction was visibly slowed with 1 tin 
and quinin; a pause between the contraction of the different par f 
the heart was observed with nicotin; a@ pax ufter cach ntraction 


with nicotin and strychnin. 
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[To distinguish which actions were muscular or nervous, the 


changes were compared at a very early period after the development 


of the heart (the ova being transferred to the solutions before the 
heart had appeared), and at a later period. They were found to be 


identical in the four poisons with which this comparison was made 


(nicotin, quinin, strychnin, and veratrin ). 


Comparison of the results in fundulus embryos with those ved 
by Pickering on the heart of the embryonal chick. — Substantial agree 
ment exists with chloral (chloroform), potassium cyanid (hydro 


cyanic acid), atropin, and caffein 

The agreement is only partial with barium chlorid, digi 
nicotin, strychnin, and veratrin. With nicotin and strychnin Pick 
ering observed a primary acceleration, which is absent in the fun- 


dulus. Irregularity is a prominent characteristic of the action of 


nicotin and veratrin on fundulus, but is not described by Pickering. 
A systolic standstill was observed by Pickering with digitalin, and a 
diastolic standstill with nicotin Both these poisons produce a 
median standstill in fundulus. Strychnin, which caused a very pro- 
nounced systolic standstill with fundulus, arrested the chick’s heart 
in diastole. 
Influence of the concentration of the poison. (Seealso Table I.) 

The course of the intoxication is generally much less affected by the 
concentration of the poison than is the case with adult This is 


probably connected with the slow course of the poisoning; for the 
‘oOrresnondence neentratior ] fact neh ol 
correspondence of concentration and effect 1s much closer when 
death occurs promptly, as with digitalin, saponin, and potassium 
cyanid. Distinct differences in the severity of the symptoms and in 


the fatality can also be made out between 1: 1000 and 1 : 10,000 solu 
tions of nicotin, pilocarpin, quinin, and strychnin ; and with very young 
embryos, with veratrin. Older embryos do not show this difference 
in response to the two veratrin solutions. In at: 1000 solution of 
barium chlorid, the effect starts more promptly than in the 1 : 5000 
solution; but the fatality is the same. 1: 1000 and 1: 100 barium 
chlorid solutions behave alike. There is also no perceptible differ- 
ence between 1 : 100 and 1: 1000 caffein solutions. 

Influence of sea water and distilled water. The sea-water solution 
was distinctly more toxic than the distilled water in the case of 
saponin; less toxic with nicotin (very young embryos), quinin 
(slightly), and veratrin (somewhat doubtful). Strychnin acted 


identically in both media. These results correspond to those ob- 


served in hatched and adult funduli. 
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The time required for the development of tl ymptoms and tor deat 


is shown by lable V. 
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saponin (I : 25,000), nicotin (1: 1000), physostigmin (1: 1 


quinin (1 : 1000), strychnin (1:1 veratrin (1:1 


lo appreciate thoroughly the delay of death, it must be re 
bered that the concentrations of these solutions are from ten to tw 
hundred times as great as those which sufficed to kill the hatched 


and adult funduli within twenty-four hours 
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rhe following concentrations are not fatal until the time of hatch- 
ing approaches: 

Chloral (1 : 100), barium chlorid (1 : 100), digitalin (1 : 200,000), 
picrotoxin atropin (I : 1000), catfein (1 : 100), nicotin 
(I : 10,000), strychnin (1: 10,000), and veratrin (1 : 10,0 

Pilocarpin 1: 1000 did not prove fatal, but prevented hatching, 


three or four weeks, when they died, probably a 


the ova SUrVIVING 
natural death. 
In marked contrast to the slow death, however, 


1? 
usually 


prompt initiation of the effects. 
Table VI. presents a rough approximation of fatal doses for fun- 


dulus ova. 

Comparison of toxic doses for ova and hatched funduli 
icity seems to be less for the ova than for the hatched funduli. The 
difference is but small (not over 1 : 3) with chloral, digitalin, and 
saponin. It is moderate (1 : 5 to 1§) with sodium fluorid and quinin. 
It is very considerable (1 : 25 to 250) with barium chlorid, potassium 
cyanid, picrotoxin, caffein, nicotin, strychnin, and veratrin. 
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Replacement in pure sea water. — \WWhen the ova are exposed to the 


poison for varying periods, and are then replaced in pure sea water, 


recovery does not generally occur, but the poisoning proceeds almost 
as if the ova had been left in the solution. This (absence of rec« 
rABLI VI 
ba CoN ATION ] I I Ova (SEA W I 
| k FI I 


ery) was noted in the following solution, the ova having been exposed 
to the poison for the time noted: potassium cyanid 1 : 1000, one day; 
digitalin I : 10,000, one and one-half hours; 1 : 100,000, twenty-four 
hours; picrotoxin 1: 1000, five and twelve days; atropin 1 : 1000, 
six and twelve days; nicotin I : 10,000, to within a few days of death ; 
pilocarpin 1: 1000 and I : 10,000, two or three weeks; strychnin 
I: 1000, nine days; veratrin I : 1000, ten days. 

Only the following showed some recovery: potassium cyanid 


I: 1000, very young, to third day; older, just after stoppage of 
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is nearly equal for ova and adults. Chloral, which also has a “ lak- 
ing” action, also has nearly the same toxicity for ova and adults 
Cyanid, which may be assumed to penetrate fairly readily in virtue 
of its volatility, is also promptly effective. 

The influence of the concentration of the poisons also favors this 
view. If the insusceptibility were histogenetic, the concentration of 
the poison should have a very marked effect, whereas the concentra- 
tion would be much less important if the penetration of the poison is 
very slow. As we have seen, the course of the poisoning in ova is 
not very conspicuously affected by relatively large differences in con- 
centration, except with digitalin, saponin, and potassium cyanid, for 
which there is reason to assume a more ready penetration. 

The increased toxicity as the time for hatching approaches is 
readily explained, either by assuming chemical changes in the 
egg-shell at this period, increasing its permeability, or by actual 
ruptures of the shell. Neither of these phenomena was directly 
demonstrated, but their assumption seems quite natural. 

Since the outer, tough egg-shell is the one which is broken in 
hatching, it appears that this is the membrane which offers the barrier 
to penetration. 
lop- 


ment to digitalin, quinin, and veratrin, and the lesser susceptibility 


The greater susceptibility of the ova at the earliest stages of deve 


to potassium cyanid and strychnin, can scarcely be explained by 
differences in permeability, or they would be more uniform. They 
are probably functional. 

The most serious difficulty to the impermeability theory of the 
tolerance is offered by the behavior of the embryos which have been 
exposed for some days to the poison and are then transferred to pure 
sea water. No recovery occurs, as a rule, the poisoning proceeding 
as if the ova had been left in the solution. This can be explained 
partly by assuming that the injuries have already progressed beyond 
recovery at the time when the transfer is made; but this explana- 
tion is not adequate in the case of picrotoxin, where the symptoms 
are very slight at the time of transfer, but where death occurs, 
several days later, at the time of hatching. This makes it necessary 
to assume that this is a rather critical period, which cannot be 
successfully passed even when the embryo has been slightly injured. 

If the slow penetration is the main cause of the tolerance, it should 


be possible to increase the effects by increasing the permeability 


of the ovum. This was tried by adding saponin (1 : 25,000 and 
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The results differ considerably in detail from those described by 
Pickering for the heart of the embryonic chick, although there is a 
ceneral agreement. 

The concentration of the poison has a comparatively slight influ 
ence on the effects, within wide limits. 

The differences between solutions in sea water and distilled water 


are similar to those observed with adults. 


The toxicity may vary with a number of poisons before and after the 
appearance of the embryo. From the time when the heart appears 
until the approach of the hatching period, the toxicity remains con 


stant. It is considerably increased at the time when the control 


specimens hatch. 


The course of the intoxication is generaliy very much slower, and 


the toxicity very much less, than with adults. This is due tothe low 
permeability of the egg-shell for poisons. Drugs which penetrate 


readily are nearly as active as in adults. The penetration can be in- 


creased by saponin. Free alkaloids are not absorbed more readi 


V. APPENDIX. DETAILS OF THE EFFECTS ON Ova. 


Details of the observations. — These will only be given summarily, 
since the actual protocols would be needlessly tedious. It should be 


remembered, however, that these short summaries are condensed 
from avery considerable number of experiments. Each series con- 


sists of three to Six eg 


Chloral in sea water. — I: 100, four series. 
General effects. The embryos became transparent and_ yellow, 
and the blood laked, within three days. They move freely in the 


Development. This is not visibly affected, but the hatching is de 
layed by three to nine days if the ova are removed to sea water after 
seven days’ sojourn in the chloral solution. Those which were left 
in the solution died before the period of hatching. 

Heart. — No effect is produced up to five hours. 

In twenty-four hours there is a slight slowing, to about go, but 
the contractions are of normal type. 

On the third day the slowing has advanced to about 80, the beats 
are slightly irregular, and the heart is dilated. The irregularity con- 


sists in the occasional loss of some beats; the ventricle may beat at 
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larity of the ventricle, which generally beats regularly at half the rate 
of the auricle and sinus. Other types of irregularity are seen occa- 
sionally : in one case a rather prolonged pause occurred between the 
contraction of the auricle and ventricle, with a rate of 50 beats; in 
another case the auricle beat at half the rate of the ventricle; in an- 
other the sinus and auricle beat regularly at 100, the ventricle irreg- 
ularly at 30 to 50. The irregularities may disappear and reappear. 

As poisoning advances, the beats grow weaker and the circulation 
less. The heart generally retains a fair amount of blood even after 
death. 

This description differs markedly from that of Pickering (p. 422), 
who observed a marked simple depression, culminating in diastolic 


standstill. 


Age.— This has no effect until the time of hatching approaches, 
when the embryos die. Older embryos therefore die in a shorter 
time than the younger specimens. 

7ime.— The first effects are noted in about one and one-half hours, 
with 1: 100 and 1 : 1000; in seven days with 1: 5000. The irreg- 
ularity appears in about two days. Death occurs in seven to sixteen 
days, about the time when hatching is due. 

Dose. — The time of death is the same for the three dilutions; the 
poisoning follows the same course in 1 : 100 and 1 : 1000, but with 
1 : 5000 the appearance of the symptoms is much delayed. 

Sodium fluorid in distilled water. I : 1000, two series; I : 20,000, 
one series. 

General effects. — 1 : 20,000 has no action until after the embryos 
are hatched, when they die promptly. In the stronger solution 
there is some opacity in one day. These die two to four days before 
the time for hatching. 


Heart. — This is somewhat weakened without change of rate. 
Age. — There is no difference between the five and eight day ova. 
Time. — The first symptom, opacity, occurs in one day; the cardiac 


weakening Is pronounced in about two days. Death occurs in two 
to four days. 

Potassium cyanid in sea water. — I : IOOO, six series; I : 10,000 
and I : 100,000, each one series. 

General effects. —With young ova (7. ¢, before the development of 
the embryo) these consist in arrest of development, beginning in 
about five hours. The embryos remain apparently lifeless for two or 


three days, during which they may be revived (see following paper) 


Effects of Pots WL Adult MOK) 


The protoplasm then liquefi 
liquefaction also occurs, but 
hours, in all in three days 


the heart, but not after lique 


Hleart Within one 


hours. 


water, recovery begins within 


irregula 


and with regurgitation. Afte 


normal, 


This agrees sufficiently with Picker S 
His effects consisted in slov ing (to s beats 
beats, the systole being apparently increased 


ished. This was succeeded 


The contraction of the auricle 


neous. The heart then beat 
direction, sometimes in the 


the auricle. 


Age.—The very young 


citated more readily. This cl 


at the time when the vessels 
Time. With the young 

noticeable in five hours; wi 

be discerned in one hour. 


in twenty to thirty hours, st 


a reversed rhyt 


ind ventricl 
Siowly an 

ther, the ventr 

] + 
iS dlasto 
1 die less prom 


suscitation is possible after the third day, up 


vessels; in some of the older 


one hours. 


Dose. — This is quite mark 


a I: 1000 solution which ha 


1? } 
allowed complete developme! 


and a partial fatality occurred 


Digitalin in sea water - 
series; I : 100,000, two S« 
two series. 


Gi Nerv ‘Ss. 


causes death and liquefaction. 


the poisoning is well advanced 


creat 


on the development is 


ly 


When used on very rece 


The cell divis 
(twenty-three 


retarded. 


( 
t 1 
+ 
+ 
rt 
eX! 
> W 


tibilit 

{ 


{ 
I 
Sal 
l a 
i 
e 
me 
dad 17 
| il 
oO 
i¢ 
il 
n 
X 
] 
aeve 
} 
i 


in 

urs 
Ke 

e 

nti 


24 or 25 beats) and very weak. Ihe lit three 
} + + 
n seven hour e heart 1s arres n pul 
+} + 
Vas a Y SII ta 
> 
S nes 
( icie | ower 
Che standstill 1 
ne Stanastlii W 
chance of suscep abruptly 
are de 
ova the first eff I opm 
the oider the ¢ > heart 
Complete arrest of de hent ¢ 
DT embryos it is not pos ter t 
es): 1: 10,000 and below had no et 
en)? although this was somewhat 
three erie 
is ili¢ Cad 


2 Sollmann. 


Older embryos continue to develop in I : 300,000 and 1: 2 


solutions, Dut hatching 1s generally much delayed (to twenty-seven 


days beyond the control). The hatched embryos may be normal 
and live indefinitely; but they are often imperfect and deformed 
and die rather promptly of paralysis, the heart being slowed and 
weakened, but filled. 

Heart. — The first effects consist in a slight slowing (to ) 

Ul systolic tendency. A few cases show Gg lickening, with alte r 
nating slow and fast rhythm. The heart is then weakened, but well 

rABLE VII 
| { I I \ VY ED 


filled. The rate remains about constant, and the contractions are 


generally normal. All parts of the heart now beat at the same rate, 


but the ventricle may miss an occasional beat, Regu Citation 1s rare 


The weakening then progresses, so that the circulation stops. The 
heart may beat at the rate of 60 to g0, somewhat irregularly. It 
remains well filled with blood, which may appear laked; it the 


embryo shows no sign of liquefaction or decolora 


The effects differ considerably from those of Pickering (p. 407), 


who found digitalin and strophanthin to produce progressive slowing 


with some irregularity, the ventricle beating much slower than the 
auricle, and stopping in systole, whereas the auricle was arrested in 
diastole. 


Age. [his has no marked influence except with the just fatal 


dose (1: 200,000). This was not fatal to embryos three to six days 


old, whereas the younger ova die in three days, the eight-day em- 
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Development. — This is not visibly affected, but the hatching is 
generally delayed, sometimes by four weeks. 

Heart. — The etfect consists in great weakening of the contrac- 
tions, with moderate slowing. The heart retains a fair amount of 
blood. 

Aige.— There is no material difference in the effects on embryos 
which were placed in the solution two and twelve days after fertiliza- 
tion. The toxicity is not markedly increased just prior to hatching. 
Embryos which have been hatched in dilute saponin are about as 
susceptible to the poison as embryos hatched in pure sea water. 

7ime.— With just fatal doses the first effects appear in about 
“a day, with higher concentrations in a much shorter time. The 
course of the poisoning is rapid. Death occurs in (sea water): 


Concentration lime of death 
eer j 1 to 4 hours. 
I : 10,000. 2 days. 
[ : 25,000. 3 days. 
Dose.— The effects are very much influenced by the dose, as 


shown by the preceding table. The fatal concentration in sea water 
lies between 1: 50,000 and 1: 25,000; in distilled water it is 
I: <25,000. The greater toxicity in sea water agrees with the results 
on hatched and adult funduli. Sublethal doses have no effect beyond 
the delay of hatching. 

Atropin in sea water. — I : 1000, three series. 

General effects. — There is practically no effect until the period of 
hatching approaches, when death occurs. Up to this time the devel- 
opment is normal. Replacement in sea water does not prevent the 
death, the results being similar to picrotoxin. 

Heart.— This is somewhat slowed (to 80 or go) and slightly 
weakened. 

Pickering (p. 452) observed also a fair slowing (almost to 64) 
with normal rhythm. 

Aconitin in sea water.— The sample of the alkaloid (Schuchardt) 
failed to dissolve to any considerable degree in sea water, even after 
the addition of some hydrochloric acid. This weak solution was 
used in two series. 

Development. — This did not appear to be affected, but hatching 
was generally prevented. 

Heart. — This showed but little effect; only one specimen exhibited 


some abnormalities. 


| 


Effects Of Poisons 


Apomorphin in sea water P29 , one series. 

There was no effect in one day. Extensive pre t pl 
further observations 

Caffein-sodium benzoate in sea water ee _one series. Ind 
tilled water.— | 100, one series 

General effects. The protoplasm appears to become somew 
opaque, and the amount of blood is apparently diminishe Hlat 
ing is often delayed, but may occur normally 

Heart.— In a 1: 1000 solution, the heart remains normal f 
days, but on the eleventh day it has been slowed to 60, and 1s 
tracted into an almost empty cord containing a small bolus of 

In the 1: 100 solution the heart appears somewhat quickene 
three hours. 

In twenty-four hours it has been slowed to 70, with strong « 
tractions and a systolic tendency. 

In two days the rate is again increased from about 80 to 12 
the heart has contracted into an almost empty cord, beating weak 
and somewhat irregularly. 

In four to fifteen days the conditions remain nearly constant 

These actions agree suffi iently with those observed y Pickeri 
(p. 396). He observed a primary acceleration from 88 to 100 bea 
This was followed by increased tonus with great slowing (to 12 o1 
beats), and this by systolic standstill The latter may at fi 
temporary with spontaneous recovery. 

Time. — The effects begin in three hours with 1: 100; I: 1 
required several days to produce any noticeable results. L 
occurs in eleven to twenty-four days 

Dose. The effects start more promptly in the stronger solut 
but death is not hastened. 

Embryos which have been raised in the 1 : 100 solution (twenty 
two days) die promptly in the same solution on hatching 

Nicotin in sea water I : 10,000, five series; I : 1,000, one series 
In distilled water, - I : 10,000, two series; I 1,000, one series. 

General effects. — Development is considerably retarded at 
stages, and the embryos are abnormal and imperfect. he quantity 
of blood is decreased. Hatching is prevented, the nicotin bet 
fatal either before or during hatching. 

Heart. — The main effects consist in slowing, weakening, and irre 
ularity. The first observable effect was slowing, to about i oy 
heart is also slightly weaker, but still fairly strong. The systole and 


| 

t 
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diastole are about equal. The slowing appears to be due to the 
slower conduction. 

When the rate has fallen to about 60, irregularity generally makes 
its appearance. This consists ordinarily in regurgitation, In some 
cases this is plainly due to very strong contractions of the ventricle, 
with imperfect closure of the auriculo-ventricular ring. In others 
the direction of the contraction is actually reversed in alternate beats, 
one contraction being in the right and the next in the wrong direc 
tion. The ventricle may béat at one-half to one-tenth the rate of the 
sinus and auricle, but generally in a simple ratio. In other cases 
the ventricle may have stopped altogether, while the sinus and auricle 
are still beating regularly, or with a long pause after every three or 
four beats. These pauses may also appear when the ventricle is still 
beating. Ina few instances the ventricle continued to beat stronger 
than the sinus or auricle. The earlier irregularities may disappear 
for a time, and then reappear. 

The heart gradually becomes empty, but is always fairly dilated, 
and never contracted into a cord, as with caffein. The rate falls to 
24, while the irregularities increase. Finally, the heart stops in a 
median position, usually retaining some blood. 

It is worthy of remark that these symptoms are very prolonged 
before death occurs. 

In several of these series the embryos were placed in the nicotin 
before the appearance of the heart. In these cases the slowing and 
regurgitation were visible as soon as the heart developed. This indi- 
cates that these effects are muscular rather than nervous. The aryth- 
mia of the auricle and ventricle did not appear until later, so that its 
cause cannot be stated. 

Age.— This has no perceptible influence on the toxicity, the 
appearance of the symptoms, or the time of death, except that the 
embryos which have developed up to the point of hatching die at 


once when the shell breaks. 


Dose. — 1 : 1000 acts more promptly than I : 10,000. 
Time. — Effects occur as follows: 
Concentration First Effects. Slowing below 55 Death 
7000. 1 day. 2 to 7 days. 
I : 10,000. 3 to 8 hours. 3 to 6 days. to 20 days. 
Distilled and sea water.—In the specimens which were placed in 


the solutions forty-five minutes after fertilization, the distilled-water 
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Development. — This is considerably delayed, especially with the 
younger embryos. Even the 1: 10,000 solution produces this effect, 
and is apt to interfere with hatching. 

Heart. — The first effects consist in slowing, the beats remaining 
regular and of undiminished strength. The slowing becomes gradu- 
ally more pronounced, and the beats weaker; the heart, however, 
remains usually well filled, and is but rarely “stringy.” The con- 
duction of contraction wave is markedly slowed. The heart often 
remains regular, but more commonly various types of irregularity 
appear. The ventricle is often slower than the auricle; it may 
pump in the reverse direction; it is also often stronger than the 
auricle. In embryos which were put in the solution before the 
development of the heart, the rate is slowed within three days after 
the appearance of this organ. 

Age. — The effects appear more promptly in the younger specimens, 
especl lly in those poisoned very soon after fertilization. The time 
of death varies correspondingly, but the fatal concentration is not 
markedly affected by the age. The toxicity is slightly increased at 


the time of hatching, but this increase is not very marked. 


Time. In the concentration of 1: 1000 the effects occur as 
follows: 
Ag n whe Firs slow 
piace it DeELOW 
Less 1 hour 3 hours 3 to 8 hours 
2 to 2 days. 1} hours 1 to 2 days 2 to « davs 
8 to 12 day 3 to 21 hours 1 to 3 day 1 to 8 day 
Dose. The difference between I: 10,000 and 1: 1000 is very 
marked. The former causes only a slight retardation of the early 


development, and interferes with the hatching. It does not produce 
death, hor the cardidc effects which are characteristic of the stronger 
concentration. 

The distilled water solution is somewhat more toxic than that in 
sea water. 

Strychnin in sea water. I: 1000, eight series; I: 10,000, three 
series; I : 100,000 and 1: 200,000, each one series. In distilled 
water. — I : 1000, four series; I : 10,000, I: 100,000, and I: 200,000; 
each one series. 

General effects. — Strychnin produces some opacity, but only after 


the heart has been severely injured. The formation of blood seems 


to be lessened 


9 


Effects Potsons Adult and ken youic UU ) 


Di el T his Is not hindere | t t il lia stage t ty 
seven hours); it is then slightly delayed. t not y more in 
twelve hours. [here is generally considerable intertet vith 
hatching. 


Heart. A moderate slowing (80) is perceptible in one-half u 


In I: 1OOO soiution, in one day in I I i hie eat ire 1 ir, 
strong, with quick s\ stole, somewhat slower diastole, and long } ise 
The slowing progresses to 60, the beats becoming somewhat weaker 


At this time irregularity may set in, althou t is ofter sent 


The ventricle generally beats at half the rate of the sir a ivicle 
The beats may occur in groups, separated by a pause 

rection of the contraction 1s often reversed, the norma ea eing 
followed by a reversed contraction O1 ere may e one 1 ma 
deat, then severai reversed, then a Y pa € ( 


of the phenomena. Temporary improvement may occu! he rate 


at this time is about 40 or 50; the heart is well { | with bl t 
generally weak This stage is reached in about three days in the 
|. solution, in nine days in the 1: 1 Che latter « 


tration does not produce any further effect Inthe r:1 trol 
however, the changes proceed The blood a 1m es ick I ne 
sinus, the heart becoming more and more empty and contracte SO 
that in five days it appears as a thin, colorless cord, pulsating weakly 
at the rate of 24, or even 10, beats per minute The contract 3 
cease successively in the ventt cie, aur le, and sinus. 

Embryos which had been placed in the solution before the appear 


ance of the heart, showed a slowing on the first day after the heart 


becomes developed, and the irreguiarity on the third \ [he et 
fects are therefore probably muscular. 

The 1 : 100,000 solution is devoid of any effect on the heart 

These results differ considerably from those of Pickering (p. 457) 
He observed a primary quickening (which was never seen in the 


funduli), followed by slight slowing. This was succeeded by some 
irregularity and weakening of the systole. leath occurre 
diastole. 

Age.—In the very young embryos the action appears to be ce 
layed by about the time required for the development of the heart 
It would seem, therefore, that the poison begins its action only when 
the heart is developed. The toxicity appears to increase ab he 


time of hatching (as with picrotoxin), for in the 1: 1 solution 


~ 


the time of death coincides precisely with the itch f the trol 
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specimens, Some of the embryos, however, hatch in the 1: 10,000, 
and especially in the 1: 100,000 solutions, dying promptly after hatch- 
ing (the fatal concentration for hatched embryos being 1: 225,000). 
/ime.— The effects start promptly, but the course is very slow, 
} 


as is shown by the following table: 


Ag f 1 

g te 

lo 1 tis rto3d 2to3d 4togd ig d 
zto 12d I Less hr. 1d sto 8 yto12d 
19g I I ¢ 4 to 5 d 
7togd I: 10,000. to 2 d. Storr d. Not 11 to 14 d. 

Dose. — The 1 : 100,000 solution has no effect; 1: 1000 acts much 
more quickly than the 1: 10,000, and with the latter the heart does 


not proceed to the stringy stage, perhaps because the time of hatch- 


ing arrived and the embryos consequently died before this stage 
had a chance to develop. 

There is no material difference between sea water and distilled water. 

Replacement in pure sea water after the ova had sojourned nine 
days in strychnin solution does not prevent the progress of the 
symptoms. 

The rate had fallen to 40, but the heart was wel! filled, at the time 
the transfer was made. This progressed to the stringy stage and 
death, just as it would have done had the ova been left in the 


strychnin. 


Veratrin in sea water. — I : 1000, five series; I : 10,000, two series; 
I : 100,000, one series. In distilled water. I : 1000, I : 5000, 
1: 10,000, and I: 100,000, each one series. 

Development. — Embryos placed in 1: 1000 solutions within an 


hour after fertilization show no retardation of development up to 
eight or twenty-four hours, when they have reached the many-celled 
stage, or even that of acardiac embryos. Then development stops, 
and the embryos are liquefied within one or two days. In I: 10,000 
‘solution these ova develop normally to the time of hatching; the 
latter, however, is prevented, death occurring about this time. 
Older embryos (two days and upwards) are not liquefied even by the 
I : 1000 solution, death occurring, as with the I : 10,000 solution, about 
the time of hatching. 

1: 100,000 has but little effect, although it may prevent hatching 


in some cases. 


i 


slight slowing (rate of g0 to 110) (he sinus and auricle preserve 


=< 


this rate for about five days; the ventricular beats, however mie 
irregular within one or two days. At first the ve 

occasional beat, perhaps one in ten; this slowing of the ve 

then becomes more pro inced and regular, its 

one-half, sometimes one-third or even e-tentl that ie 

ways in a simple, regular ra 


e as the sinus, Dut it sometime 


Reversal of the dire of the « tract 3 1 ) | 
nessed The embryos are not all affected te the same I 
eggs one may be irregular in four hours, another only in 
It would seem that temporary recovery may occur, alt ivh | 
affirm this with certainty The heart is stror and well t 
throughout this stave, which continues to the sixth or « ht 
The contractions then become slowed to thet r 4 vel ‘ 
and_ ineftective ut the irt st ynt Ss some | 
stoppage occurs, first in the ventricle, th n the aur t 
sinus. 

In embryos which were placed in the solution betore the ay 
ance of the heart, the irregularity is just as pronounced wit t 
days atter the deve pment 5 Y $s organ o that the rregularity 
probably of muscular orig 

Pickering (p. 440) not observe the irregularity, w 
most characteristic feature of the action on funduli Hle found a 


slight primary acceleration, followed by considerable slowing, with a 


Jong and weak systole and complete diastole 


Ave. As has been stated, the undeveloped ova ar re 
susceptible to the 1: 1 olution ie fatality 1s » marke 
increased at the moment of hatching. Embryos which have hat 
in the 1 : 100,000 solution die promptly in the same solution 

Time. — On the developed ova the first effects appear in from one 
hour to two days; the arythmia in one hour to three days; the heart 
becomes very weak in six to eight days; death occurs in ten to 


twelve days. The course is always slow, and is no 
in 1 : 1000 than in I : 10,000. 

The undeveloped ova show he rst’ ell etween eight nd 
thirty-six hours, death occurring in between sixteen to fort t 


hours. 


Effects of Potsons on Aa / } “ce 4 11 
Heart. There seems t be a rimary a rat i | 

beats, occurring within an hour Phis wed in four 
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Dose. As has been pointed out, the 1 : 100,000 solution has al- 
most no effect. The difference between I : 10,000 and I : 1000 is insig- 
nificant in the developed embryo, but decisive in the undeveloped 

The distilled-water solution is perhaps somewhat more toxic than 
the sea water. 

Replacement in pure sea water after ten days’ sojourn in the veratrin 
does not cause recovery, the further course being as in the veratrin 


solution. 


VI. TEMPORARY SUSPENSION OF THE DEVELOPMENT OF THE OV 
BY Porassium CYANID. 


On exposing the recently fertilized ova of Fundulus heteroclitus to 
I : 1000 potassium cyanid solution (in sea water), a prompt arrest 
of development follows, and no sign of life is perceptible. The cells, 
however, do not disintegrate for two or three days; and if they are 
transferred to pure sea water, or more dilute potassium cyanid 
solution, at any time during this period (7. ¢., up to the second day 
after apparently complete death), development is resumed after a 
latent period of one or two days, the embryos hatching normally, but 
about two to four days after the control specimens 


The following protocol illustrated an experiment of this kind: 


Experiment 7 \bout a hundred ova are fertilized in s \ I In two 
and three quarters hours, when they have reached the four-cell stage, they 
ire transferred to 1: 1000 potassium cyanide, in sea water, in a covered 
finger-bowl.' 

Retardation of development in potassium cyanid. 

rim po D ment ssiun 

tassiu Vater 

2! hour 16 cell 6 « 
24 Hours els TO CC 
es day. Flat disc. Disc not as flat. Complete 


urrest of development. 


1 The solution is renewed daily, since another experiment (44) had shown that 
the solution weakens by standing, and that the ova may resume development after 
four days in the solution itself. Fresh ova, placed in this weakened solution and 


ntir 


left therein, showed a slightly retarded development at first, but continued to 
develop, and one of the three ova hatched, two days after the control. The others 
died five days before the time of hatching 

2 The first appreciable retardation of development was observed in Experiment 


44 to occur in between four and one-half and seven and one-half hours 


| I 
t 1 
2 davs \ 1) 
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wat I har { 
I 
Moment \ t 
I \ 
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21 hour S \ 
2 
( 
\ 
‘ 
2 days \ 
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‘ 
i 
4 day N ) 
In no case could re rv be obtal iter the prot I ( 
] ] + + + ] 
ovum had liquefied. Intactness of the structure of the 


is essential. 

Ova, two days old, which had developed into acardiac « 
(Experiment XXI.) ippeared dead after nineteen hours’ so 
the potassium cyanid solution; but when replaced i 1 watel 
after three days’ sojourn in potassium cyanid, development re 
within one day, and hatching occurred at the same time the 
controls. 

Ova, four days old (heart and vessels present), show ! very 


after two days’ sojourn, but not after three days’ 


of Potsons Adult and / 
4 days . 
Recovery in sea water | \ 
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Aime oft immers ( inges In potassium i 
hour. . . No change. 
11 and 2 hour Heart sl ¢ —— 
; ana 3 Hours : eart siowea tO 40, and Weak 
No heart beat. 
22 ad 160 hours Som ire juen t otl ta nor Struc re 
2 days All are juenh d 
Recovery in sea water. — 
lim f in 
A al 1 ins I Ss 


yur LD pment as per the cont t hatching delayed 
rand seventeen days 
1} I I} eart has partially recovered in five urs after t trans 
Heart slowed fer rate 56, weak, regurgitation ] Ss normal on t 
to 4 following day One hatches five days after the control 
two d unhatched fourteen days after tl ntrol 
itcnes 
3 hours . In one hour the heart has recovered somewhat, the sinus 
and auricle beating at the rate of 64, the ventricle at 32 ; 
veak regurgitation In thi rs t eart still 
weak, but is normal on the following day Hatching is 
delayed by one and four days lwo ova die four and 
ten days after the hatching of the control specimens 

7 hours I} rt has returned to normal in one day I i d 

Heart stopped. veloped normally, but none hatched. Death occurred 
eighteen days after the hatching of the control] speci 
mens. ‘The shell was considerably sw ! 

22 hovr In one day two of the ova hay efied it O1 las re- 
covered and hatches three days after the control. The 
embryo is deformed. 

23 hours . Recovered in one day. 

46 hours - Recovered in one day. One embryo breaks the shell one 


day after the control, but dies before hatching is com- 
pleted. ‘The other two embryos die in the same manner 
eight days after the hatching of the control specimens. 


3 days. . No recovery. 
In this experiment the short immersion in the cyanid shows a 


tendency to interfere with the hatching but not with the develop- 


ment. The interference is not at all proportional to the duration of 


the immersion. 


Experiment 72 
\fomentarv eve] s the normal control sne¢ ns 


Effects of Poisons on Adult and Ef: ryonic f 


The recovery of tne nea iffer the star St , 
remarkable 


Only one experiment was tt! 1 with older \ I t 


g7, the ova were transferred to t tassium cv 
days atter fertilizatio \t the er f twentv-three re t . 
apparently dead, a é f 

sea water at this time It would seem, theref 


are not recovery 


Hatched embryos at a thishes nevel Owe 
sea water even alter oniv 1! e hours’ ex} sre 
centration rasslumM va 


transter was made betore 


The results of these « ts can ¢ 

on the issu tion tl the cva 1 re is (lermentat 
processes Ww h resuit » the Sintegration of t | 

re]] th \ t 
weli aS those nn ¢ ry 

4 
of life, such as cell d ! \ ! the 1 i! 
the heart. In other words, it appears capable 
| ged pe | ispended ant ition, when th i ( ena 
ot life are absent, but ring which the t\ resuml 
persist Would Cry l estung » adeterm 


metabolism during this suspended animation.) 
This assumption recalls the theory of J. Loeb, which he atte 


to confirm by a series of experiments on sea-urchineggs.'’ It se 


from these results, that via ty « he unter ized ova 

longed for several days by ,/ ( 647 gm. per 1000 ¢.c.) pot m 


cyanid solution. Gorham and Tower* threw doubt on t nterpre 
tation of the results by showing that the ova remained alive f 
longer period in sterile, pure sea water, and that the cyanid acted a 
a potent antiseptic 

Gorham and Tower's objections do not apply to my experime 
for all other poisons w h killed ova promptly, such as di 1] 
veratrin, did not show any recovery. It is not conceivable that i 
these cases bacteria had entered through 


resistant egg-shell, in the course of a few hours, in sufficient quant 


2 F. P. GORHAM and R. W. Tower: This journal, 1902, 175 


1) S< 
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to produce disintegration. This assumption would be necessary if 
the prolonged suspension of life by the cyanid were to be explained 
by its antiseptic action. 

The fact that this suspension of life occurs only in the younger 
ova may be explained by the greater delicacy of the more devel- 
oped structures and the consequent greater tendency to succumb to 

t 


the disintegrative changes, or by the greater susceptibility to the 


fatal action of the cyanid. 


CONCLUSIONS. 


Potassium cyanid solutions produce in the younger ova a condi- 
tion in which the development and the heart action are at a 
standstill, but during which the structure of the protoplasm and 
capability of resuming life is preserved. This condition lasts for 
several days. It was not observed in older ova or in hatched fish. 
It is presumably explainable by an inhibition of the autolytic metabolic 


processes which accompany death. 


COMPARATIVE PHYSIOLOGY OF THE INVERTEBRATE 
HEART.—V. THE HEART RHYTHM UNDER NORMAI 
AND EXPERIMENTAL CONDITIONS 


By A. J. CARLSO? 
[From the Hull Physiologi Laberator 
HE work on the physiology of the heart nerves in the in 
brates led to the conclusion that the heart of at least most of 


the invertebrates is supplied with augmentor or inhibitory nerves, it 


Uil 


most cases, and probably in all, with both kinds of nerves, just like 
the vertebrate heart.! The demonstration, physiologically, of the 
presence of cardio-regulative nerves is not attended with any serious 
difficulties in most of the invertebrates. Nevertheless, the earlier 


negative results by workers in this field (Foster, Foster and Dew 
Smith, Darwin) have almost obtained the force of dogma in the liter 
ature on the heart. Thus Beyne* in two recent papers takes the 


supposed absence of all nervous tissue in the snail's heart 


as 

demonstrated fact, without even referring to the papers of Ransom, 
Pompilian,* and myself. It is superfluous to state that conch 
based on the supposed absence of nervous tissue in the snail's heart 
are erroneous. Ransom demonstrated the presence of nerve fibres in 


the snail’s heart both by histological and physiological methods. 


Dogiel and Pompilian have described nerve cells in the heart; and 
my own observations go to confirm and extend Ransom’s results 


In this connection I also desire to call attention to Straub’s nega 
tive results as regards the presence of cardio-regulative nerves in the 


marine gasteropod Aplysia. Cardio-augmentor nerves have been 


1 CARLSON: Biological bulletin, 1905, viii, p. 123; This journal 


[QOj, X 5 
1905, xill, p. 396; xiv, p. 16; 1906, xv, p. 127. 
2? BEYNE: Journal de physiologie et de pathologie générale, 1905, Ixx, 19 
8 RANSOM: Journal of physiology, 1884, v, p. 261 
4 POMPILIAN: Comptes rendus de la société de biologie g 


lii, p. 185. 
§ STRAUB: Archiv fiir die gesammte Physiologie, 1904, ciii, p. 42 
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described in Aplysia by Schoenlein,! and by Bottazzi and Enriques,” 
but Straub remarks that ‘the results of these investigators are not 
conclusive because they worked on empty hearts.” Does Straub 
mean to say that the presence of extrinsic heart nerves in an animal 
is not demonstrated when it has been shown, sources of error being 
excluded, that stimulation of certain nerves augments or inhibits the 
empty heart ? Or does Straub mean to imply that these nerves find 
their way into the heart when the heart becomes empty, or that they 
become functional only in the empty heart? I have not worked on 
the species of Aplysia found at Naples, but in the case of the repre- 
sentative of the same genus on the Pacific Coast (Southern Califor- 
nia) the presence of cardio-augmentor nerves is easily demonstrated 
by physiological methods, just as Schoenlein and Bottazzi and 
Enriques have done in the Naples form. It seems highly improb- 
able that heart nerves are present in the one species of a genus and 
not in the other 

It now remains to summarize the observations on the properties of 
the heart tissues as revealed by direct stimulation. We shall see 
that these results lead to a general conclusion similar to that yielded 
by the work on the heart nerves, namely, that the invertebrate heart 
exhibits in varying degrees the same reactions and peculiar properties 
as the vertebrate heart, properties by which the vertebrate heart 
tissues differ more or less from the skeletal muscle and the smooth 
muscle. We found that there is no fundamental difference between 
the vertebrate and the invertebrate heart so far as regards the cardio- 
regulative nerves. Similarly, the difference between the vertebrate 
and the invertebrate heart as regards the physiological properties of 


the heart tissues is only one of degree, not a difference in kind. 


I. THe HEART PREPARATION, 


In studying the reactions of the heart to direct stimulation the 
graphic method was employed in all animals whose ventricles or auri- 
cles are of sufficient size and strength to make it applicable. The 
systemic ventricle and the gill ventricles of Octopus, the systemic 
ventricle of Loligo, the ventricles of the lamellibranchs and most of 
the gasteropods all permit the ordinary graphic method by suspen- 
sion. There is a great difference between the size and strength of 


SCHOENLEIN: Zeitschrift fiir Biologie, 1894, xviii, p. 187. 
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exceedingly light lever ionger than the we tarm even t e wea I 
; nearts can be adapted to the graphic me 

Graphic records y means t an pl t 

Is on the whole ( die | 

thropods. The ventricles of the lamellibranchs 

cardic prosobranchs, the tectibranchs, and the t 

compact en lor t \ 

ot ( the \ tri i | \ 


of Palinurus or Cance re orga f fficient ne t 

this procedure n these su is 1 t t 
cardiac apparatus is so « el) ( ! 

tissue or organs t t whe stimuia I I d ‘ 
prevent the escape of the electrical current to these org ind their 
subsequent contraction, which interferes with the movement f 
heart and renders interpretation of the tracings difficult. 1 

us to the method of suspending the excised heart, either empty o1 
filled with blood Oo! sal ne si ] ition by means of a 1h 1intnea 
The ventricles of the lamellibranchs and the diat irdl 5 
were usually suspended by means of silk ligatures secured at either 
1uriculo-ventricular tion For sor purposes the ligatures were 
secured at one of the au lar jun ns and att rtic e1 i 
the gut; but this gives less satisfactory results, probably because the 
tension is less evenly distributed throughout the orgar Lhe e 
tration of the ventricle by the hind gut in the lamellibrar and 
some of the lower gasteropods isa hin Ilrance 1n the expel ents. 
The gut is so closely invested by the ventricle that the tw ul be 


separated without much injury to the ventricle. The gut is usually 
filled with fzecal matter, and its mere weight interferes with the: 
ments of the suspended ventricle 

The ventricle of the chiton is in communication with the auricle 
by two openings at either side, and can therefore not be suspended 
by ligatures at auricular junctions. The best results were obtained 
with the ventricle suspended by means of a ligature around the aort 
sinus and a hook in the connective tissue to which the posterior end 
of the ventricle is attached. 


The ventricles of all the monotocardic gasteropods were suspended 


by means of ligatures around the aorta or aortic sinus and at the 


Ariolimax, Octopus, the systemic venti a nd t t 
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auriculo-ventricular junction. But if this is done with the vent: 
of Natica, the tension is unevenly distributed in the organ and only a 
part of the force of contraction is communicated to the lever, as the 
aortic and the auriculo-ventricular openings are not at opposite ends 


of the ventricle, but approach each other so that 


the distance between 
them on one side is only one-third that on the other side. A ligature 


at the auricular junction and a platinum hook in the belly of the 


ventricle gave the best results. 

Che full contraction force of the systemic ventricle of Loligo is best 
attained by suspending the ventricle by means of ligatures around the 
anterior and the posterior aorta. But records were also taken trom 


the ventricle suspended by ligatures at the auricular junctions as well 
as by ligatures at one of the auricular and one of the aortic ends 
The systemic ventricle of Octopus was suspended by means of liga- 
tures either at both auriculo-ventricular junctions or at one of the 


+ 


auricular ends and at the main posterior aorta. The gill ventricles of 
Octopus are suspended to best advantage by a ligature around the 
afferent branchial veins and a platinum hook in the connective tissue 
attached to the posterior end of the ventricle, as the opening to the 
renal veins is not at the posterior end of the ventricle but lateral, so 
that if the ventricle is suspended by means of a second ligature at the 
point of union of the kidney and the ventricle, only a part of the 


contraction is indicated by the lever. 
The hearts of the decapod crustaceans were suspended by means of 
ligatures around the anterior and posterior aortz or the supporting 


ligaments at opposite sides, both methods giving equally good results. 


The gill ventricles of Loligo, the hearts of the tunicates, and the 
auricles of most of the molluscs are too delicate for the graphic 
method. In the molluscs the attention was chiefly directed to the 


ne auricie sumced 


+ 
to 


ventricle, because a few experiments on 
that the properties of the auricular tissues are in all essentials the 
same as those of the ventricular. When these small and feeble 
organs were studied, an indirect method of graphic registration was 
made use of. I found this particularly useful in studying the rhythm 
and the reactions of the tunicate heart, But it is plain that this aid 
to the direct observation is of no service in problems involving the 
magnitude of contraction, — for example, the refractory period and 
the response of the heart to stimuli of varying strengths. I found 
it convenient and quite accurate to measure the strength of contra 


tion in the tunicate heart by aid of the microscope and an eye-piece 


micrometer. 
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Removal of the foot and the ventral wall of the pericardium in the 
chitons leaves the heart empty and collapsed, but otherwise intact. 
The heart is nevertheless under considerable tension, owing to the 
attachment of the base of the auricles to the rigid framework of 
the dorsum. That this tension is of importance to the rhythm is 
shown by the fact that when the auricles in Cryptochiton are severed 
at their base, both auricles and ventricle cease beating. In Ischno 
chiton this severance of the auricles does not stop the ventricular 
rhythm entirely, but the beats become less rapid and regular The 
cessation of the auricular rhythm may be ascribed to the injury of 
the auricles in the operation, but that does not account for the failure 
of the ventricular rhythm. The ventricle of Cryptochiton usually 
continues to beat for an hour or more after being thus exposed ; but 


the rhythm is exceedingly slow and irregular, the rate of the beats 


varying from 5 to 7 per minute. Perfect co-ordination between 
the auricles and the ventricle rarely obtains in the exposed heart of 
this animal, nor do the auricles beat simultaneously. The lack 
of co-ordination in the exposed and empty heart of Cryptochiton is 
greater than in any other mollusc worked on. The behavior of the 
exposed and empty heart of Ischnochiton is very different. The 


heart of this animal continues to beat with perfect co-ordination and 
regularity of rhythm for two to three hours after being exposed, the 
rate of the beats soon after the dissection varying from 15 to 25 per 
minute. 

Exposing the cardiac apparatus in Haliotis involves only the slight 
injury of separating the mantle and the stalk of the foot from the 
shell, as the heart can be observed through the dorsal wall of the 
pericardial cavity. The removal of the shell causes very little bleed- 
ing, and consequently but slight change in the blood pressure. The 
animal minus the shell moves about in the aquarium or on the table 
for some little time, thus giving an opportunity of studying the action 
of the heart under nearly normal conditions. The rhythm is variable, 
violent contractions of the body sometimes augmenting and at other 
‘times retarding it. But there always appeared to be perfect co- 
ordination between the auricles and the ventricle. Exposing the heart 
by removing the dorsal pericardium accelerates the rhythm for a brief 
period; then irregularities in the rhythm set in, the auricles beating 
faster than the ventricle; and finally the ventricle ceases to beat en- 
tirely, while the auricles keep up an irregular rhythm for a much 


longer time. The removal of the shell and exposing the heart in 
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dorsum to a board by pins, and expose the heart 
the ventral wall of the pericardial cavity. The behavior of the 


in this condition is variable; some preparations 


> 
= 


exhibit a slow (8 to 15 per minute) but regular rhythm for fifteen 


ty minutes, each auricular contraction being followed by 


that of the ventricle; but in many cases the rhythm is irreculat 


from the beginning or becomes so within a few minutes after the 
dissectior 


In the nudibranch Triopha carpenteri the heart can be observed in 


the intact animal through the transparent mantle and pericardium. 


When the specimens are left undisturbed i: ish of sea water, the 
“rhythm of the heart is very regular, the rate varying from 30 to 4 
per minute in different specimens. Locomotion does not affect the 
puise rate perceptibly. The ventricular beat 1s characterized by 
Vel slow Syst le and a rapid diastole. tl e tormer taking more than 
twice the time of the latter. lhe heart continues to beat when 
the animal is pinned to a board and the mantle slit open, despite 


the extreme contraction of the body and consequent change of pres 


sure in and on the heart; but touching the pericardium or the heart 


directly with the dissecting instruments sends the ventricle into a 
prolonged maximal contraction similar to that of the ventricle of 
Mytilus on mechanical stimulation. The opening of the body cavity 
leaves the heart empty of blood, and in this condition the heart main- 
tains a slow and irregular rhythm for one to two hours, the auricle 
beating faster than the ventricle, the rhythm of the latter rarely 
exceeding 10 beats per minute. In Triopha maculata, Kolus sp., 


Archidoris, and Montereina the heart cannot be observed in the intact 


animal because of the pigment in the mantle. The exposed and 


empty heart of Montereina continues to beat for a few minutes 
with a perfectly regular rhythm, the rate varying from 20 to 
minute; but the co-ordination between the auricle and the ventricle 


soon ceases, the auricle beating faster than the ventricle. Part of 


the irregularity in the ventricular rhythm is caused by the lack 


of co-ordination between the auricular and the ventricular beats, for 


when the auricle is severed from the ventricle the latter continues to 
beat with a fairly regular rhythm for more than an hour, the rate of 
the beats varying from 8 to 16 per minute. When first exposed, the 
heart of Montereina is moré sensitive to mechanical stimulation than 
I 


the hearts of the other nudibranchs, the slightest touch sending the 


le into extreme contraction lasting for five to ten minutes. 


ventric 


| 

| 

| 

| 


irdla 

CASLCI Pod 
Varying rol 
ani 

} 

tne 100d es 
Wallis 
to beat 

t 

| 
tricular beat 


ing to b 
no er\ en 
rhvtni 
invests t ) t 
move ibo ! 
handle y the a 
produces an ext 
strong,an acce 
ior a tew ect 
movements oft n 
rhythm of t ex 
Sensitive t 
ing rarely main 
behavior of the 
and Dew-Sn 
with the rhyth 
the beats ely ¢ 
conditions the 1 
The behav ot 
mantle has en 


observed h 


Cardiac net 


17 ] 


the 


ot any part 


( miparati / y j j 
i 
[The ex tab t\ t 
stil ition pro is 
the mantie w t 4 t 
more 1 than 
| 
t 
culo-ventriculai 
In iC} Hae t | re 
| I t rnytnm I I 
irt t t pl 
4 1aN t t t 
nd b > | 
crreater extent tl in the 
| x ; 10 to 15 per? ite, 
es. it vhicl tly 


56 A. /. Carlson. 


heart in Loligo, while it hardly affects the activity of the heart of 
Octopus. But the co-ordination between the different parts of the 
squid heart is abolished and the beats of the systemic ventricle 
rendered very irregular, the gill ventricles maintain a regular rhythm 


for twenty to forty minutes, both when left undisturbed and when 


separated from the renal veins and the gills. When the mantle cavity 


} 


is first opened, the gi 


to 80 per minute. Bottazzi and Enriques! give the normal pulse rate 


ll ventricles of Loligo pulsate with a rate of 
in Octopus as 35 per minute, which is considerably higher than in 
the specimens observed by me. ‘The cardiac rhythm in Loligo 
in all probability at least twice as rapid as that of Octopus, or more 
than 60 per minute. The gill ventricles of Octopus, like those of 
Loligo, maintain their rhythm for a longer time than the systemic 
ventricle. I have observed specimens, killed by a blow on the head, 
in which the gill ventricles continued rhythmical pulsations for two 
hours after the systemic ventricle ceased beating, the cardiac appara- 
tus being left intact and 7 situ. 

When a small puncture is made in the carapace dorsal to the heart 
in the crabs so that the beat of the heart can be observed by the 


+ 


LO e 


movements of the dorsal pericardium, the heart rhythm is seen 
very regular. In Cancer the rate of the beats varies from 90 to 120 
per minute. The small puncture involves but slight injury and loss 
of blood, so that the heart is working under almost normal conditions 
except for the stimulation by the injury. If now the ambulatory 
appendages are cut off or an opening made into the visceral cavity, 
the pulse rate falls immediately to from 15 to 30 per minute, and this 
rhythm is maintained quite regular in the majority of the prepara 
tions for thirty to sixty minutes. The extensive injuries leave the 
heart devoid of blood, which is evidently the cause of the great 
decrease in the pulse rate. In Palinurus there is less difference in 
the pulse between the intact heart and the heart that is emptied of 
blood. The heart of this animal continues to beat for more than two 
hours after it has been emptied of blood if left intact in the body of 
‘the animal. 

The heart of Clavellina is too small to be isolated for experimenta- 
tion. In young specimens the test is transparent, so that the heart 


action can be studied in the intact animal by aid of a hand lens or the 


microscope. When older specimens were used, the whole animal was 
1 BoTTazzi and ENrRIQvES: Archives italiennes de biologie, 1902, xxxiv, 
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tonus until the original tonus condition of the ventricle is reached, 
when there is no further variation in the rhythm, except a very 
gradual decrease in the rate and strength of the beats in case tl 

experiment is continued for some hours. The suspended ventricle 


of Mya, Cardium, and Hennites show less regularity in the rbytl 


and the rhythm is not maintained for as long a time as in the M 
ventricle. 

The ventricle of Ischnochiton beats with regular rhythm for t 
to sixty minutes after being suspended, but when subjected ti 
trical stimulation irregularities in the rhythm and final cessation of 


Lf 


the beats appear much sooner. The suspended ventricle of Cryp- 


chiton, on the other hand, never exhibited any rhythmic acti, 

‘e than 30 specimens were tried at different times of the year, 
with the same result. 

he suspended ventricles from healthy specimens of Haliotis and 


Lucapina usually maintain a regular rhythm for fifteen to thirty mu 


utes and irregular contractions for a 


onger time. But not infre- 


quently variations in the magnitude of contraction and in tl 

of the diastolic pause appear immediately after the ventricle has 
suspended. The suspended ventricle of Natica remains quiescent, the 
absence of automatic beats being probably due to unavoidable injuries 
to the heart in taking the animal out of the shell. 

The ventricles from healthy specimens of Aplysia, Bulla, and Pleuro- 
branchza will in the majority of cases beat with perfectly regular 
rhythm for twenty to thirty minutes after being suspended before 
irregularities in the rhythm appear. The r: f pulsation in tl 
suspended ventricles of Bulla and Pleurobranch.ea is rarely greater, 
but mostly somewhat less than that of the heart in the intact animal. 
But ventricle preparations from these molluscs were also met with in 
which the rhythm was irregular from the beginning. ‘This was more 
often the case with Pleurobranchza than with Bulla or Aplysia, 
probably because all the Pleurobranchza material at my disposal was 
brought in by fishermen and most of the specimens probably sustained 
some injuries in the capture and transfer. 

Straub ! states that by far the-greater number of the Aplysia ven 
tricles when suspended and empty give but a few beats and remain 
quiescent or else the rhythm is irregular, and only rarely is a prepara 
tion obtained which continues beating for any length of time with a 
regular rhythm. That was not my experience either with Aplysia 
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more rarely the ventricles beat with a regular rhythm for five to te 
minutes. The ventricles remain excitable for more than an hour 
There is scarcely any irregularity in the magnitude of contraction, tl 
irregularity comes in the succession of the beats or in the appearance 
of more or less definite groups. Two or three such groups n 
appear in the midst of a rhythmical series of beats without apparent 
cause, and ventricles which were beating rhythmically sometime 
changed into these groups after being stimulated with the inter- 
rupted current. The systemic ventricle and the gill ventricles 
Octopus beat with a very regular rhythm for more than an hour 
after suspension. Provided the ventricles are uninjured irregularities 
in the rhythm in the way of grouping of the beats or variation in 
strength of contraction rarely occur. But in order to obtain the 


effects of the electrical stimulation on the gill ventricles it is neces 


+ 


sary to remove their muscular and connective tissue envelope; th 


t +} m4 - + } | 

cannot be done without more or less injury to the ventricles, in con- 
sequence of which these frequently exhibit irregularities in the 
rhythm when suspended after such preparation. The less the injury 


to the ventricles the more regular the rhythm, and in few prepara- 


tions I succeeded in isolating the ventricle with so little injury to it 


than when suspended the rhythm was perfectly uniform. Ransom { 
states that the gill ventricles are much less suited for physiological 
experimentation than the systemic ventricle, because the pulse rate is 

lower and the contraction time of the muscle very much greater than 

in the systemic ventricle. I am confident that if Ransom had made 

a trial or two with the gill ventricles from an Octopus in good con 

tion he would have come to a different conclusion. I found practi- ; 


cally no difference in rhythm and excitability between the systemi: 
and the branchial ventricles of the same specimen. The pulse rate at 
the beginning of an experiment on the empty and suspended systemic 
ventricle varies from 8 to 18 per minute, the usual being 10 or 12 per 
minute, and the same figures apply to the empty and suspended gill 
ventricles. It is only in the dying condition of the gill ventricles 
that.mechanical stimulation produces only a local contraction, or 
when very strong, a “‘tonus”’ contraction lasting a minute or more. 
The freshly excised and uninjured gill ventricle responds to 
mechanical stimulus with a normal beat, provided the stimulus is 
strong enough to produce any effect at all. 


rhe ventricles from healthy specimens of Cancer or Pachygrapsus, 


suspended and kept moist by the blood plasma, will continue in uni 


| 
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activity 1s ft st eautifully wiustrated in the eart of the ull nate 
he suspended ventricies and auricies of these molluscs at na 
been subjected tft the experimental con greatly tatique 
Dut which still beat with a perfectly regular rhythm at the rate of 15 
to 25 per minute, cease to beat and remain in diastole whe the te 
sion is remove by supporting the lever, and when the tension from 
} 1 t} } t } 
the jiever 1s again aliowed » act on the eparations the rhythm 
rea] irs [hat mechanical tension, within limits, acts as stimulus 
to rnythmi ictivity in the vertebrate heart nas so Deen pointe 
out by Schoenlein for the ventricle of Aplysia But while it is true 


tt 


both for the molluscan and the crustacean heart that mechanical 


tension acts as a stimulus to the rhythm, it is also evident from my 
observations that tension thus applied almost invariably fails to c 
the pulse rate up to what it is in the intact animal. This is cert ' 
true of the ventricles of Bulla, Pleurobranchaa, and Ariolimax a 
which animals the pulse rate can be determined in the intact : 
specimen. 

The effect on the rhythm of filling the suspended heart. It has 4 
already been stated that lowering the intracardiac pressure red $ 
the pulse rate. Ransom has shown for the systemic ventric] 


Octopus, Biedermann? for the ventricle of Helix, and Straub for 


> 


ventricle of Aplysia, that filling the ventricle with plasma or phys 


logical saline solution augments the rhythm over that of the et 
ventricle, and that within limits the greater the pressure of 


liquid in the ventricle the creater the stren h of the contra 


and the rapidity of succession of the beats. Neither of these inve 


i 
gators states whether the pulse rate of the isolated and artif 
filled ventricle is the same or greater or less than that of the v : 
tricle under normal conditions. So far, then, there is a close anal 
between the effects on the heart of mechanical tension and of fill O 
the heart with plasma or a saline solution: both produce augmet 
ion of the rhythm. It is not within the scope of this paper to c 
sider what part is played by hydrostatic pressure, by chemical action 
or by solution and removal of the waste products of tissue metabo 
lism in producing the effects observed on filling the heart. The | nt 
I am coming to is this: are the conditions of the isolated b 
and loaded ventricle so different from those of the isolated 
ventricle that, sezsu stricto, the empty ventricle 1s to be considered in 
SCHO eitschrift fur Biologie, 1894, xvill, p. 187 
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continues in uniform rhythm for four to six hours. The fact of 


augmentation of the pulse rate by the filling is readily shown in the 


same ventricle by first suspending it empty and while suspended filling 


it with plasma by means of a cannula in the aorta. Augmentation of 


the rhythm invariably follows the filling. And what is more, if the 


suspended and empty ventricle exhibits irregularities in the rhythm 
or no rhythmic activity at all, the filling usually changes the irregul 


to a uniform rhythm and starts a rhythmical series of beats in the 
quiescent ventricle. Irregularities in the rhythm of the filled ven 


tricle appear less often. The effect of the filling is less marked in the 


g 
ventricle of the slug. The empty suspended ventricle of this mollus 
beats with perfect rhythm for six to ten hours, the rate soon after 
being suspended varying from 30 to 35 per minute. Filling the ver 
tricle usually increases the rate by 4 or 5 beats per minute, but th 
rhythm is not maintained much longer in the filled than in the empty 
heart. 

Ransom worked with the filled systemic ventricle of Octopus. He 


does not give the pulse rate of the filled ventricle, but the publish 


tracings indicate a rate of from 16 to 20 per minute. In my experi- 


showed a pulse rate of from 12 to 20 per minute; but a unifor 


rhythm was rarely maintained for more than an hour, while according 
to Ransom the filled systemic ventricle continues in regular rhythm 
for several hours. 

These facts indicate that tension on the ventricle exerted by a pull 
ar eithe Chea € tht Zent thi 4 f the Li Startil 


or maintaining the rhythm. But the difference is only one of de 


gree, and in some animals (Ariolimax) it is insignificant. Hence | 


do not agree to Straub’s contention that in one case the heart 
under normal, in the other case under abnormal, conditions. In the 
strict sense of the word the preparation is under abnormal condi- 
tions in either case, for under the experimental conditions the pres- 
sure of the liquid is constant, while in the normal condition the 
pressure is intermittent, not to mention other differences made 


necessary by the experiment. 


In recording the difference in the response to electrical stimulation 
of the empty and the filled ventricle of Aplysia, Straub does not seem 
to take into account the change in form of the ventricle as a physical 
conductor caused by the filling. The filling of the suspended and 


loaded ventricle of Aplysia increases the cross-sectional area of the 


ments the systemic and the branchial ventricles of Octopus usual] 
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preparation as a physical conductor 5 or 6 times 


cient to account for some of the reduced excitabilit 
compared to that of the empty ventricle. Nothing is 
of the relative electrical resistance of the ventricular 1 
blood in Aplysi Alt and Schmidt! fo 1 \ 
the electrical resistance of the cardiac 1 sci S 
blood. It the relation should change to t \ 
is obvious that only a very small fraction of t rré 
tissues in the filled ventricle. 

It is thus evident that mechanical tension on the he 
hydrostatic pressure in the heart cavities act 
rhythm in the invertebrates in the same manner 
vertebrates. The mechanism by which the tens 
cardiac pressure produce the augmentation w 
the automatism of the heart resides in the net ( 
tissues. In the heart of Limulus I have dem: rat 
the tension on the heart walls nor the intracardiac pr 
late the heart to activity after the automat ing] 
median nerve cord has been extirpated In the heart 
mechanical tension and intracardiac pressure act t 
on all other hearts as long as the gang! the ne 
intact. In Limulus the s/rengthening of the beat follow 
tension or pressure in the heart cavity may be due to dit 
the heart muscle in a way to increase its excitability 
tility ; the augmentation of the rate can only be due to a 
lating action on the ganglion, or to stimulation of aft 
or nerve endings in the heart walls. The latter wou 
mechanism a true reflex through the intrinsic hear 
nerve plexus f, as seems pro yabl to me, t norm 
all hearts, vertebrate and invertebrate, is neurogenic, t 
by which mechanical tension and hydrostatic pressure 
rhythm is almost certainly the same for all hearts, tha 
as in the Limulus heart. Dogmatic statements on th 
no purpose. We need further facts. But in this cont 
to call attention to two recent papers which bear 
and seem to give some support to the view just st 
shown that, contrary to the commonly accepted view, m 
sion on strips from the a] ex of the tortoise ventricle e 
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or maintain a rhythm.! The strip containing in its tissues the normal 
combination of inorganic (and perhaps organic) constituents of the 
blood can thus not be made to beat rhythmically by tension alone 
On the above interpretation the strip has been removed from the 
reflex centre, or the part of it in the apical strip is not able to fun 
tion owing to the injuries of the lesion. The recent observations of 
Magnus* and Sollmann® on the rhythm of the excised mammalian 
heart on perfusion of the coronary vessels with hydrogen, oil, and 
metallic mercury have shown that the mere mechanical distension of 
the coronary vessels is able to start and maintain for thirty to forty 
minutes a rhythm in a quiescent heart. The purely mechanical dis- 
tension of the walls of the coronary vessels is, of course, an ever- 
present factor in the normal heart activity, and it may be one of the 
necessary factors in the complex chain of processes summed up in the 
phrase ‘‘ the cause of the heart beat.” Sollmann has already pointed 
out that the stimulating action of the distension of the walls of the 
coronary vessels may be more readily explained on the neurogenic 
than on the myogenic theory. On the neurogenic theory afferent 
fibres or nerve endings in the walls of the coronary vessels are stimu 
lated by the distension of the walls, the impulses passing to the 
nerve and ganglion plexus in the heart to give rise to afferent it 

pulses to the heart muscle, a mechanism identical with the one | 


have shown to exist in the Limulus heart. If the mammalian heart 


rhythm is myogenic, it is difficult to explain why pressure in the 
ventricular cavities is not just as efficient or even more efficient a 


stimulus to rhythm than the pressure in the coronary vessels. 


LINGLE: This journal, 1905, xiv, p. 449. 


MAGNUS: Archiv fiir experimentelle Pathologie und Pharmakolog I 


LLMANN This journal, 1906, xv. p. 121. 
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Limulus heart I have demonstrated that atropin, nicotin, and curare 
block the inhibitory nervous impulses by action on the ganglion.' It 


is also well known that the character of the response of the heart t 
irect stimulation is altered to some extent by treatments that block 
the inhibitory nervous impulses. 
As regards the augmentor nerves and the intrinsic nervous pl 

in the heart, we have no direct evidence that these can be paralyze 
by any drug or experimental contrivance that does not at the sam 
time affect the heart muscle. In fact, so far as the evidence goes, it 
points to the very opposite conclusions, as has been shown for the 


vertebrate heart by Hering* and for the Limulus heart by myself 


In Limulus the influence of the intrinsic motor nerve plexus on the 


heart muscle is not abolished by such drugs as atropin, curare, a1 
nicotin till the excitability of the muscle to direct stimulation is 
entirely or almost entirely lost. When stimulating the vertebrat 
or the invertebrate heart directly, we are therefore dealing not o1 
with the effects of direct stimulation of the heart muscle, but als 
with the effects of simultaneous stimulation of the intrinsic nervoi 
plexus. The question is not simplified by using strips from the ven 
tricular apex, for the entire ventricle contains the nerve plexus o1 
nerve fibres, even if the ganglion cells are less abundant or entirely 
wanting in the apical third of the ventricle of some animals.‘ 

We have scarcely made a beginning in obtaining direct knowledg 
of the physiology of nerve nets or nerve plexuses, such as we find it 
many invertebrates and in the heart and the other visceral organs of 
the vertebrates. Hence we can hardly do more than conjecture as 


to the part played by the nerve plexus in the response of the heart to 


direct stimulation. I have shown that the response of the Limulus 


heart to direct stimulation is altered by the extirpation of the heart 


ganglion. Bethe’s® experiments on the nerve net in the bell of the 


Medusz, and Magnus’” recent work on the nerve plexus in the intes 


tine of mammals are very suggestive in this connection. According 


or Condition of diminished excitability at the beginning of an auto- 
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hearts of the lamellibranchs and the gasteropods does not e:3 
0.03 second Che latent period appears to be slightly ne . 
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quentiy as large as 0.2 second; 
did I ever observe alatent period approaching that given by Schoe n 


for the ventricle of Aplys i, OY I.5 seco! 


time appears invariably greater It venti f My is fre- | 


When allowance is made for the inertia of the apparatus, the tra 
ings show that the latent period of the systemic ventricle of the 
cephalopods does not exceed 0.02 second, that of the squid ventricle 
being slightly the shortest. In the crustacean heart the latent time 
falls considerably below 0.02 second A more accurate meth 
would probably show that it does not exceed 0.01 secon 

Comparative measurements bring out the fact that in the crayfis 
(Palsmurus ), the squid, and the slug (Ariolin 1x), the latent period of 


the cardiac tissues is the same as that of the body muscles, and | 


have no doubt that a comparison in other molluscs would bring ou 


the same relation. The cardiac tissues and the body muscle of the 
molluscs and the crustaceans do not therefore exhibit the great dif 
ference in latent time that obtains between the latent per t 
cardiac tissues and the e in the vertebrates 

In the ventricle of nchs and the pros ul 3 t 
systole and diastole occupy 2 to 3 seconds. In the ventricle of Is 
nochiton the contraction time is very nearly the same, but i 
Crvyptochiton it is more than twice as long In the ventricle of t 


tectibranchs it ipproximates 2.5 second,in the nudibranch Montere 


and in the giant slug (Ariolimax) it is normally 1.75 second, while i 
the smaller nudibranchs (Triopha, Eolus), the snail and the rder 
slug (Limax) the contraction time is about one secon Int 
tricles of Octopus the systole and diastole occupy about two seco 
but in the empty and suspended preparations the contraction tit 
usually longer [he quickest hearts worked wit ire those of tl 
squid and the crustaceans, the contraction time in these heart 
e ceedit y¥o.25 secon ne h irt r tne ster 1s ot tly s \ 
its action than that of the cral 

The myograms from the ventricles of the ce ods are ch 
terized by the absence of the sys plateau, which usually appeat 


in the myograms from the ventricles of the lamellibranchs at 


lower gasteropods. The ventricular contraction of the nudibranchs 


and the pulmonates is characterized by a very gradual systole wh 


passes into a more or less distinct systolic plateau, followed by a very 


quick relaxation, the latter phase occupying less than one-third of the 


contraction time. No comparisons by means of the graphic met}! 
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third contraction wave was timed, because in vigorous specimens a 
new pulse wave usually starts at one end of the heart before the pre 
vious contraction has reached the opposite end. Zhe rate of propaga 
tion of the contraction wave in hearts of Ciona beating with a rapid and 
veg ular r/t} thm varies JV m 2 tov 3.5 cm. Pe } second. The rate is very 
constant in the same preparation as long as a constant rhythm is 
maintained, but conditions that decrease the pulse rate decrease at 
the same time the rate of propagation of the contraction wave, so 
that in hearts in poor condition but still beating automatically as low 
a rate of propagation as one-half or 1 cm. per second was frequently 


observed. But under normal conditions the rate is very nearly 3 cm. 


per second, 


Il. THe OF THE FIEART DURING THE DIFFERENT 


PHASES OF THE HEART BEAT. THE REFRACTORY PERIOD. 


[he first question to be determined in studying the response of the 
hearts to direct stimulation is the presence or absence of rhythmical 
variations of the excitability and contractility similar to that exhib 
ited by the cardiac tissues of the vertebrates. According to some 
authors the vertebrate heart is strictly inexcitable at the beginning of 
systole; while others use the term “refractory period” in the sense 
of a condition of greatly reduced excitability only, I shall use the term 
“refractory period ”’ in the latter sense. 

This question has received little attention in the invertebrates. 
Ransom! has published tracings showing a condition of reduced 
excitability during systole in the systemic ventricle of Octopus 
Ransom uses the term “ refractory period ”’ loosely, or as meaning both 
inexcitability and reduced excitability. Schoenlein? tacitly assumes 
the presence of the refractory period for the heart of Aplysia, while 
Straub® maintains that the question must remain undecided forever 
so far as the heart of Aplysia is concerned, because he finds that the 
filled ventricle of this mollusc is not affected by single induced shocks. 
This assumes that the question can be determined only on the filled 
heart, and that single induction shocks are the only available stimuli 
for such experiments. Hunt, Bookman, and Tierney ?# found that the 

? RANSOM: Journal of physiology, 1884, v, p. 261 t 

SCHOENLEIN: Zeitschrift fur biologie, 1894, xvill, p. 157. 
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under ordinary conditions of temperatur Ifror 
the effects of the induced shock on the he e 
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characteristic of the vertebrate heart 
motor stimulus and the irrit ity of the 1 
or wholly suspended ”’ (p. 312). 

Before stating the results tained by me, a 
the method of experimentation and ch of st 
Straub’s contention regarding the Aplysia heart 
period means a condition of inexcitability of the 
inexcitability not only to the single induced 
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the direct electrical current, which when of suft 
all excitable tissues. There is one limitation to t 
electrical current as stimulus for testing the con 
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which produces an extra contraction when applies 
ing diastole or the diastolic pause, fails to affect th 
it the beginning or during systole, it seems to n 
of inexcitability or reduced excitability is shown q 
as if single induced shocks had be: employed. 
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that particular kind and strength of stimu 
the heart can be allowed to exist only 1 e 
duces no effect at all either on the fundamental 
tonus of the heart. 

In my own experiments the itability of 
during the different phases of the automatic as w 
produced beats. The tests were made both with t 
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constant current, and in the case of the hearts of Aplysia and Ario- 


bil 


limax, both on the empty and the filled ventricle. The tracings 


obtained in these experiments prove conclusively that the hearts of 


7 


QAli AMTRKOPOAS, ANA THRICATES CXAMUMNCA A CONRALILON 
j 
b Cc 

I l \ four-fifths t iginal s lracing fror beating ventr f 
fSchnochitor rhe eak s k sent through the ventricle during sys (a) anc 
lias e (0) 1s wit! ards tl € of tl iasto | esa 
bea (c) 

; 

of reduced cxcitabil. during systole, t Yecrease in the excita 

great SZ al lh oy the systole. But 2275 a Stat 


diminished excitability only and not a condition of inexcitabitlity, as an 
entensity of the stimulus can be found sufficient to affect the heart i 
any phase of the contraction. 

Let us first turn our attention to a few typical tracings that show 


a condition of reduced excitability during -systole. The tracing 


~ 
] 
’ O C 
FIGURE 2 Four-sevenths the original size. Tracing from the empty and quiescent ve 
of Aplysia, stimulated with break induced shocks. The second stimulus effe: 
towards the end of diastole (c) and during the diastolic pause. Show 
reduced excitability at the beginning of an artificial beat 


reproduced in Fig. 1 is from the pulsating ventricle of Ischnochiton 
The’ break induced shock sent through the ventricle at the beginning 
of systole (a) as well as towards the end of diastole (0) is without 
effect, but when sent through the ventricle towards the end of the 
diastolic pause (c) an extra contraction is produced. The strength 
of the shock remains the same. Fig. 2 is from an empty and quies- 
cent ventricle of Aplysia. The single break shock at a produces a 


beat of the same strength as that caused by the two shocks at é 


| 
| 
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omparat. ve 


[he second shock at @ passes through the ventricle at 

ning of systole. | ne same Ssnock ippited to the ventri I vara tne 

end of diastole produces a diminutive beat (c),and Ww 

is fully relaxed a still stronger contraction follows t 

Fic. 2 is trom the filled ventricle of Aplysia The st 

direct current of a strength tha iffects the vent 


make. When this current is sent through the ventricle at 


‘ ning or during systole (@), it 1s without effect or in som« 
duces a slight diminutio n the t of contract 


sent through the ventricle during diastole, the resulting extra 


the stronger the more ! lete t I xa itthet 
tion (6,c, d). The tracing in Fig. 4, A, is from a resting vent 
Bulla. The direct current of short duration is 
On comparing the beats at 4 with the beats at a, it is « 
second stimulus at @ is ineffective. \t ind a the 
becomes effective, the contraction at / ben reater t 
because the latter follows closer upon the precedi 
The ventricle of Ariolimax makes a very excellent preparat 
: demonstration of the rhythm iriation in ¢ tability | t 
in Fig. 4, B, is from a quiescent ventricle of this pulmonat 
with single induced shocks. By comparing the be t t 
beats at @ and ¢, it is obvious that the shocks reaching t nt ( 
during systole produce no visible etfects At a, wher 
shock IS appil to the venti t th I nl I 
relaxation is slightly delayed, and this dela $s more 1 
where the second stimulus is sent through the venti ( 
of diastole. [The same shock reaching the ventricle at the « 
diastole produces a diminutive beat (7), and the furt 
diastolic phase the ventricle is stimulated the greater t t 


until a maximal beat is produced when, in this preparation, the 
stimuli are five seconds apar The conditions are ¢ 


in the pulsating ventri 
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The make induced shock is inefficient at the beginning of systole 


g 
and it produces but a slight contraction near the end of diastole (/), 
but towards the end of the diastolic pause a stronger extra beat is 


produced (c). 


The condition of reduced excitability during systole is less readily 


demonstrated in the heart of the squid than in the heart of any other 
mollusc worked on. In the fresh and vigorous hearts the whole 


contraction time is but one-fourth of a second, and the processes of 


b 
I E 4.— I fifths the original size Fea f ‘ 
Bulla, stin ed with the galvanic current. ‘The s i € 
ind diastole { the ar cial beat (4), but effe eatt f dias " ' 
ing from the quiescent ventricle of Ariolimax. The stimulus (break induced st <s) 
inetfective during systole (4, c, 2), but effective towards the end of diastole (e, 7, 
C, tracing from the beating ventricle of Ariolimax, stirhulated with the make in f 
shock Stimulus ineffective at the beginning of systole (@), but effective toward 
end of diastole and during the diastolic pause ) 
recuperation therefore very rapid. But by using induced shocks 
of submaximal strength it can be shown, however, that the pulsat- 
ing ventricle of Loiigo does not stand apart from the hearts of other 
molluscs in this respect. The difference is only one of degree, the 
state of reduced excitability in the squid heart being of comparatively 
short duration. In the fatigued and quiescent squid ventricle the 
reduced excitability during systole is in greater evidence. ; 


The heart of the crab resembles closely that of the squid as regards 
the appearance of diminished excitability during systole. The sys 
tolic decrease in the excitability is very marked in the fatigued and 
quiescent hearts, but in the fresh and vigorously pulsating hearts the 
strength of the stimulus must be delicately adjusted and the stimulus 


reach the heart very near the beginning of systole to prove ineffec- 


tive. But the duration of the systole is so short that when the circuit 
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is made or broken just as the change in the form of the heart 
the stimulus reaches the heart at best towards the end of 
The less rapid heart of the spiny lobster (Ia 
rhythmic variation in the excitability to a greater degre L tyy 
tracing from the heart of this decapod is reproduced in Fig. § 


break induced shock produces no visible effect when set I 


heart during systole (a), but at the end of systole t t 
duces a very slight contraction an a consequent prolionga 
the diastolic phase (/) The stimuli that reach the heart 
Qa 6 

FIGURE 5.— Four-tifths the a e g f ‘ 

stimuiat wit eak S € t 

syst 
middle or towards the end of diastole produce correspondingly gre 
beats (c,d). It is therefore evident that the crustacean heart fa 
line with the molluscan heart. In the hearts of both phyla tl 
obtains a condition of reduced excitability at the beginning of 


tole. And this is also true for the tunicate heart. My results or 


heart of Clavellina and Ciona agree with those of Schultz on Saly 


as regards the existence of a diminished excitability du 
but contrary to Schultze I have reasons to believe that this 1 
true refractory period or state of inexcitability. The reduced « 
bility is best shown in the hearts which pulsate with a slow rhy 
so that the diastolic pause is of several seconds’ duration. Even \ 
direct observation there is no mistaking the fact that an i 
shock which produces a beat when sent through the heart during 
diastolic pause fails to influence the rhythm when sent. thre 
the heart at the beginning of systole. 

This rhythmic variation in the excitability is therefore chara 


istic of all the molluscan, arthropod, and tunicate hearts exam 


and as these cover a wide range of species it seems highly probab 


that such variation in the excitability of the cardiac tissues obtains 


throughout these phyla. 


The conditions of the excitability during an artificially prod 


FJ 
— 


78 A. F. Carlson. 


beat are the same as during an automatic beat. Conditions which 
diminish the rate and the strength of the beats, such as injury or 
fatigue, tend at the same time to render the decrease in excitability 
attendant upon the contraction more pronounced, evidently because 
the processes of recovery take place much more slowly under those 
conditions. 

The intensity of the stimulus that proves efficient during diastole 
and the diastolic pause but inefficient at the beginning and during 
systole must be determined for each preparation, as the excitability 
varies, not only between the hearts of different species, but also 
between the hearts of the same species. But in the heart of all 
these invertebrates a greater strength of the induced or direct cur 
rent proves an efficient stimulus even when applied to the heart at 
the very beginning of systole. The effects appear in increased or 
decreased strength of contraction of the same beat, in shortening of 
the following diastole or in increase in the tonus, all of which shows 
that the heart is affected by the stimulus. The inhibitory effects of 
the single induced shock will be considered under a separate head 
The increase in the strength of the beat produced by the stimulus 
sent through the heart at the beginning of systole is the ordinary 
motor effect, but it is not obtained with equal readiness in the hearts 
from the different animals. It is readily demonstrated in the crusta- 
cean heart and, on the whole, in the hearts of the gasteropods and 
the squid, but in Octopus and Mytilus the usual effect is a decrease 
instead of an increase in the strength of the beat. These reactions 
are illustrated in Figs. 6 to 10. The tracings in Fig. 6 are from the 
pulsating ventricle of Ischnochiton. The single break shock sent 
through the ventricle at the beginning of systole may simply in- 
crease the strength of the beat without producing any change in the 
tonus or the rhythm (d4,a@); or the increase in the strength of 
the beats is accompanied by a shortening of the three or four subse 
quent diastoles (2, 6). More rarely the shortening of the following 
diastole appears without any change in the strength of the beat 
(B; a). The tracings in Fig. 7, dA, 4, are from the same ventricle 
preparation of Haliotis. A relatively weak break shock produces a 
slight increase in the beat together with a marked shortening of the 
following diastole (A, a); but by greatly increasing the strength of 
the stimulus a very marked contraction is superimposed on the auto 
matic beat (4, a). The myograms C and PD (Fig. 7) demonstrate 


the excitability of the heart during systole in a different way. Th. 
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filled ventricle of Aplysia. It requires an induced shock of very great 
intensity to affect the filled Aplysia ventricle, but when such a stim- 
ulus is applied to the filled ventricle at the beginning of systole a 
creat increase in the strength of the beat is produced, invariably fol 
lowed by shortening of the succeeding diastoles (41). This acceler 
ator after effect is more marked the stronger the stimulus. The 
same reactions are obtained from the empty ventricle of Aplysia by 


induced shocks of weaker strengths (/)). A supermaximal beat is 


readily produced by an induced shock in the hearts of the nudi- 
branchs and the pulmonates, as will be seen by examining the trac 
ings in Fig. 9. The tracing A is from the ventricle of Montereina 
stimulated with the break induced shock at the beginning of systol 
Chis myogram does not show the unusual inhibitory or injurious after- 
effects on the rhythm of stimulating the ventricle of this mollus 
with strong induced shocks. No such injurious after-effects were 
ever observed in the hearts of the slugs. The usual reactions of the 
ventricle of Ariolimax are illustrated in tracing 4. In this parti 
ular case the break induced shocks are used. The supermaximal 
beats produced by the stimuli are usually accompanied by a shorten 
ing of the subsequent diastoles. With a slightly weaker stimulus 


with a very strong induced shock this form of acceleration persists 


for some time, just as in the ventricle of Aplysia. The strength of 


the break shock is greater at 4 than at a. 
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The usual effect of a single induced shock of 
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the stimulus reaching it at the beginning of systole Wher 


exceedingly weak stimulus is employed, the effect may be on! 
slight delay in the relaxation, but usually the intensity of the indu 
shock that affects the heart at all produces a supermaximal 
superimposed beat. These changes in excitability are equal 
shown in the quiescent ventricle, that is, in an artificially prod 
beat. 

The question whether the tunicate heart is strictly inexcita 
the beginning of systole cannot be determined on the who 
the reason that all the parts of the heart are not in systole and di 
tole at the same time. An induced shock sent through the pulsa 


heart may strike the middle of the heart in systole, one end of 
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heart in diastole, and the other end of the heart in the diastolic 
pause. But when the heart is cut into pieces of I or 2 mm. length, 
these conditions do not obtain. Pieces of the heart of Ciona usually 
commence a slow but regular rhythm five to ten minutes after the 
operation. If such an isolated and pulsating portion of the heart is 
observed by the aid of a lens or, still better, in the microscope, 
one can make out that the induced shock applied at the begi 
ning of the contraction does not affect the beat or the subsequent 
rhythm unless of very great intensity; but when the very strong 
induced shock is employed, the diastole following the beat is short- 
ened, and with a break shock of still greater intensity the beat fuses 
witlra prolonged tonus (or tetanus) contraction. Any definite super- 
position of the beats cannot be made out. The tunicate heart Is 
therefore not inexcitable at the beginning or during the systole, but 
the decrease in excitability during that phase of contraction appears 
to be relatively greater than in the heart of the crustaceans and the 
molluscs. 

The statement that the hearts were stimulated at the beginning of 
systole is not strictly true. Between the vey beginning of systo!l 
and the stimulation of the preparations intervened the reaction time 
of the observer. But this was the only method that proved applica- 
ble. A series of shocks of an intensity sufficient to affect the hearts 
at the beginning of systole produces tonus contraction and incom- 
plete tetanus; and stimulating the heart with such a series with the 
intention that one of the shocks will at times reach the heart at the 
very beginning of systole gives in consequence no satisfactory results. 
The close approach to the beginning of systole that can be attained 
by breaking the primary circuit at the first sign of contraction is 
shown in the myogram from the ventricle of Helix in Fig. 9, C. 

Inasmuch as these observations include animals from all of the main 
groups of the invertebrate phyla, we are justified in concluding that 
the invertebrate heart exhibits the same alterations of excitability 
and contractility during the different phases of the beat as the 
heart of vertebrates. The excitability is diminished during systole, 
but not abolished. That the refractory period in the vertebrate heart 
is not a state of absolute inexcitability, but a condition of greatly 
diminished excitability, is held by some of the older observers.! The 
tetanus described by so many observers for the vertebrate heart under 
certain conditions cannot be reconciled with a state of inexcitability 


TIGERSTEDT: Physiologie des Kreislaufes, 1893, p. 166. 
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rhythmic activity of a tissue. The motor nerve fibres to the frog's 
skeletal muscles exhibit a refractory period of 7,45 second; whik 
some of the motor cells in the spinal cord of the frog show a refrac- 


tory period of from ;}; to ,4; second. Yet these nerve cells exhibit 


no greater automatism than the motor nerve fibres. Some of th 


pyramidal cells of the mammalian cerebral cortex exhibit refractory 
periods as long as ;, to 7 second. Yet these cells are not active : 


automatically, at least so far as their motor functions are concerned 
It will thus be seen that the relatively less diminution in excitability 
of the invertebrate heart during systole as compared to that of the 
vertebrate heart yields no support to the view that the muscle of 
the vertebrate heart is automatic, while that of the invertebrate heart 


is not,! it having been demonstrated for one of the invertebrates that 


the heart muscle does not beat automatically after the heart ganglion 


is removed. 
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every contraction is maximal; on the contrary, the height of the con 


tractions increases (to a maximum) with increasing strength of the 


stimuli! (p. 278). But their published tracings do not strictly bear 


out this statement. In their Fig. 7 the height of contraction remains 
+} ] 


the same while the strength of the stimulus is increased by moving 


the secondary coil from 15 cm. to 13 cm. from the primary, and with the 


cm. distance the contraction is much weaker than 


secondary coil at 


the one produced by the induced shock with the secondary a 
distance of 8 cm. from the primary coil. The published myograms 
make it very evident that these observers were working with hearts 
that were dying or in a poor condition 

Lypical tracings illustrating the results obtained by me on the 
molluscan and crustacean heart are reproduced in Figs. I to 4. One 
is confronted with several difficulties in this line of experiments. he 
ideal preparation for the experiments is a heart which is quiescen 
but which retains its excitability and conductivity unimpaired; for in 
the pulsating heart we are confronted with the rhythmical variation in 
the excitability described in a previous paper,’ and if, on the other 
hand, the heart is quiescent but the excitability and conductivity 
of the tissues much reduced, there is a possibility that the diminu 
tive beats produced by stimuli of minimal intensities are in reality 
partial or local contractions, that is, maximal contractions of the mus- 
culature of a small area of the heart instead of submaximal con- 
traction of the musculature of the whole heart. But this ideal 
preparation cannot be obtained, for with unimpaired excitability ar 
conductivity of the suspended heart the tension from the weig 


the recording lever is such an efficient stimulus to 


automatic activity is kept up until the heart is exhausted. Wher 
the pulsating heart was used for the experiments, the aim was 
apply the stimuli in corresponding phases: of the beat, so as to s 

late the heart in as nearly identical conditions of excitability, 
ductivity, and contractility as possible. 


The results may be summed up as follows: Zhe 7 
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The strong induced shock produces not only a ventricu 
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auricular beat, but also a tonus contraction: the stronger the shock 


the greater and 


more prolonged the tonus contraction. This tonus 
I I rr I irts 1u 
e 1 i re iS 
mat 1 1 i I 
Ila ( t N i 
f Bul f i t ( f A max 
F, tra Helix. S at 
reaction is more in evidence in the greatly fatigued hearts. In the 
less fatigued preparations the initial contraction produced by a 
strong induced shock is followed by a rhythmical series of beats, 
and it is only stimuli of very great intensity that produce tonus con- 


tractions not accompanied by diminutive beats. 
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attects the heart. Similar diminutive initial contractions were fre 
quently observed in the ventricles of other gasteropods as well as in 
the hearts of the lamellibranchs, when minimal stimuli were em- 
ployed, particularly in slightly fatigued preparations. It is difficult 


to say whether this slight rise of the lever prior to the strong and 


definite beat is due to a slight local contraction of the muscle at the 
poles, or whether in these conditions of the hearts a ntinimal stimulus 


produces a contraction that is characterized by such a grad 


veloped systole. Iam inclined to think that the former interpretati 
the correct one. In tracing C the contraction at 8 is stronger thar 
at 7 and 6. This difference is in all probability due to the condition 


of the preparation, as it was frequently observed that in ventricles 


} 


which had been quiescent for some little time prior to the stimula- 


tion the first beat was often slightly stronger than the succeedi: 


ones, even when the strength of the stimulus remained the same 


Ihe beats at 6 and 7 are of equal strength, and it is of interest to 


note that the spontaneous beats following the strong initial contra 
tion at 3 are of nearly the same strength as the artificially produce 


beats at 8, 7, and 6 
The response of the hearts of the other marine gasteropods studied 


resembles closely that of the heart of Ischnochiton and the lamelli- 
branchs. We have already referred to the reactions of the fatigue 


and resting heart of the land molluscs. In these animals, singularly 


enough, the response of the fresh and pulsating heart to stimuli 
of increasing intensity does not differ essentially from that of the 
fatigued and resting heart, as will be seen by comparing Fig. 2, D, 


with Fig. 1, #,/. In other words, weak stimuli tend to produce 
corresponding weak contractions, and it 1s only in the case of the 
stronger stimuli that a tendency to contractions of uniform strengt 
appears. Tracing D is from the ventricle of Ariolimax, the break 


we 
rinning of sys 


shocks being sent through the preparation at the be 
tole. The stimulus is first effective with the secondary at 10cm 


rreater increase in the strength of the beat 


~ 


from the primary, but a 


is produced at 3, and a still greater at 6 The augmentation of the 


beat at 4cm. is very nearly the same as at 6. The response of the 
snail ventricle is almost of the same type. The diminutive respons: 
is usually less in evidence in the ventricle of Limax, and tracings 
were sometimes obtained from the ventricle of this slug in which they 
do not appear at all. 


In the response to the induced shock of increasing strength the 


| 

| 


closely than d 


from the systemic ventricle of Loligo is repr Ter ] 


Dreak SHOC na itiects tft ent! ta ] ( 
at 24, and moving the secondary up to will I I 
mary —that 1s, increasing t strengt of t 
A 
( 
units — prod es beat e mi plit 


espite the fact that t venti ‘ not ! y 1 \ 
timuli ] t tr ¢ 

Stimull of still greate ( n us 

The reaction of the heart of Octopus 1s 11 rated 


(. Tracing / is from the branchial ventricle 
The ventric le is qul scent it high y excita t It 
even the minimal, produces a series of beats t time 
all + ] } + + 4 +1 + 
allowed tO Ciapse between eacn stimulation I ne ven 
: to quiescence. The break shock is first eftective with t 
coil at 18 cm., the initial beat being of the same stren 


the subsequent spontaneous series. It may therefore proper 
sidered a beat of normal 


produced with the second 
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At g and 6 the beats are slightly supermaximal and followed by a 
prolonged tonus contraction, while with a still further increase in the 
intensity of the shock the contractions appear to be of less strength 
than those produced by the minimal stimuli. Part of this decrease 
in the magnitude of the contraction in response to the induced shock 
of very great strength is obviously only apparent and due to incom- 


plete relaxation of the ventricle; but we shall presently learn that 


‘es 
FIGURE 4. — Four-sevenths the original size. Tracings from the heart of the crab 
Cancer) on direct stimulation with single induced shocks of gradually increasing 
strength, as indicated by the distance of the primary coil from the secondary 
1, tracing from a quiescent heart. A, tracing from a pulsating heart, the heart 
stimulated during the diastolic pause. Showing tendency to an 
response 


beats of decreasing strength may be produced by stimuli of in- 
creasing intensity, even when no change in the tonus of the heart 
is apparent. The uniformity in the response to stimuli of a very 
great range in intensity is beautifully demonstrated in the systemic 
ventricle. In the tracing C the beats produced by the break shock 
are of the same strength, while the secondary coil is being moved 
from 12 to 7 cm. from the primary. At from 6cm. up to o the 
strength of the beats is gradually increased, but the tonus of t 
ventricle is not affected. 

The typical reactions of the crustacean (crab) heart are illustrated 
in Fig. 4. Record A is from a resting heart whose excitability and 
conductivity are but slightly impaired. A beat of normal strength 
is produced with the secondary at a distance of 23 cm. from the 
primary coil, and this strength of the beat is maintained while the 
coil is being moved up to within 13 cm., that is, increasing the strength 
of the stimulus approximately ten times. With the secondary at 12 
cm, a supermaximal beat is produced, while the still stronger shocks 
at I1 cm. to 6 cm. produce an initial beat of greater amplitude fol- 
lowed bya rapid series of beats that virtually constitute an incomplete 
tetanus. By close inspection it will be seen that the beat produced 


| 
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by the minimal stimulus at 23 1s slightly st 

ing beats evoked by the stronger stimul This is of 

in the resting heart; the explanation is, in all p: lity 
that given for the same reaction in the resting vet 
ton. By comparing tracing A with tracing / it w 
reaction of the pulsat ne irt is the same st t I t 
heart in fresh and uninjured condition. fy the he 
with a slow rhythm, a the eak shocks S t 
during the diastolic | In such ] ra 
duration of the contractions artificially produced are 
with those of the normal beats. The break s c 

at 17, and the beat produced is normal. This am] 
traction 1s maintained while the secondary is being m 


+} } + + 
I4 cm. from the primary, Du at I cm... i2 


at 13, 12, and II 1S very nearly untfor it 
this second piateau 5 much iess 4 


crab heart. When the heart of the crayfish is fat 

poor condition, it responds more readily than th rab heart 

diminutive contractions to minimal stimuli, describ \ 

as the normal response of the 
The results obtained on the Limulus heart ha een 1 rte 

previous paper,’ but it may be referred to briefly in this cont 


+ 


because of the clue they offer to the proba le mechanisms invo 


the reaction of the heart to direct stimulation. Of all the invert 


studied, the heart of the pulmonates and the heart of Limul 
| 


perhaps the least of this tendency of a maximum respor 


mum stimuli, but in the case of Limulus “e / aia 


ranglion intact « viii sa greater excitability ana 
contractions of uniform strength in respons 
tensitics than does the sau wt after t va 


pated. There is a further difference that the induce 
strong, produces only a single contraction in the gan ree 
while in the intact but quiescent heart it may produce a si 
beats, just as in the intact heart of other invertebrates. Whe 
tendency to the “all-or-none”’ response depends on the dire 
lation of the ganglion and the intact nerve plexus or on 
dition of the heart muscle dependent on the inta 
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determined from the data at hand. But it seems to me we have no 


rt 
it 


food reason for holding that the mechanism in the Limulus hez 
different from that of any other heart. 

The study of a problem involving exact measurements of the 
amplitude of contraction is obviously attended with unusual difficul 
ties in the tunicate heart, because of the inapplicability of the graphik 
method. I endeavored to measure the strength of the contraction in 
the heart of these animals by aid of the microscope and an eyepiece 
micrometer. The isolated heart of Ciona was p 


by a mould of paraffin on a slide and filled with sea water. The cup 


was made of sufficient depth, so that the cover glass did not press on 

the heart. The poles of the electrodes were brought in contact with 

the liquid at opposite ends or at opposite sides of the heart. By s 
{ 


arranging this preparation on the stage of the microscope that the 
decrease in the diameter of the heart tube during contraction appear 


as displacement of either side of the heart along the scale of the ey« 


piece micrometer, the displacement of the edges of the heart during 


the passage of the contraction wave can be determined with an ac- 


curacy unapproached by the unaided eye. In ‘the course of the 
experiments it soon became evident that the question cannot be 
determined on the whole heart. When the heart is stimulated with 


a weak induced shock, the beat produced almost ‘invariably starts a 
either end of the heart and travels towards the opposite end, just as 
the automatic beat; but when an induced shock of very great strength 
is employed the whole ‘heart contracts at the same time, and it be 


17 


comes impossible to tell how much ot the increased displacement I 


the heart along the micrometer scale is due to the movement of the 

whole heart caused by this simultaneous contraction, and how much, 

if any, is due to a greater contraction of the individual muscular 

elements. This error is excluded by cutting the heart into small seg 

ments. Both quiescent and pulsating pieces of the heart were teste 

the latter giving an opportunity of comparing the artificially produced 

beat with the normal automatic beat. 

‘In its reaction to the induced shock of varying intensity the tunicate 

heart resembles closely the hearts of the Crustaceans and the cephal- 

opod molluscs, that is, ie heart when in good condition responds with 

a maximal normal beat to stimuli from the minimal up tea very grea 

intensity, but the induced shock of the greatest strength produces a super 

maximal beat and prolonged tonus contractions. ‘This is illustrated by 

the following protocol: “ July 10, 1903. Piece of Czona heart, pulsat- 
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Kronecker and Mays! have shown, however, that when the f1 
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lose the power of conduction to a great extent whi th 
fatigued or when injured or otherwise in a poor conditi ! 
shown by mechanical stimulation. When in ¢ tion the 
tricle responds to a gentle touch with a stron ind norma t 
when in poor condition the same stimulus produces only 
local contraction; in fact, the mechanical stimulation 1 t 
strong in order for the contraction to extend over t \ 
+ ] 
Ventricie. 
The ‘“all-or-none” type of response is ordinarily t 


j 
5 


96 A. YJ Carlson. 


heart is fatigued or otherwise in poor condition, the magnitude 
the contraction increases with the intensity of the stimulus. 

exactly the reaction I obtained in the invertebrate heart when in poo: 
condition. Porter! has recently recorded another instance of th 
vertebrate heart deviating from the “ all-or-none” law, namely, the 
tonus contractions of the tortoise auricle. Porter suggests that thee 


ceptions to the ‘‘all-or-none” response may be due to the addition 
tonus to the fundamental contractions, as the tonus response vari 
directly with the intensity of the stimulus. The tracings published 
Kronecker and Mays do not exhibit any tonus contractions. 
observers evidently secured greater amplitude of tl 
contractions by increasing the strength of the stimulus. 
that a very strong induced shock produces a supermaximal 
the hagfish auricle is still another case of a vertebrate heart 
following the ‘all-or-none” > of response.” 

It is therefore evident that the type of response of 


stimuli of varying strength is the same in the vertebrates an 


invertebrates. The differences that exist are only of degree, the 


in good condition of many of the invertebrates responding accot 


‘all-or-none” type almost as closely as the ventricle of the 


to the 
or the tortoise. 

The view that the property of ‘‘all-or-none” response to d 
stimulation is a property of the heart muscle apart from the 
trinsic nerve plexus, is, so far as I know the literature, purely the 
retical. It has not been demonstrated for any heart. On the othe 
hand, I have shown that in the Limulus heart the “ all-or-none” re 
sponse depends on the intact nerve plexus in the heart. And ther 
is anatomical basis fora similar mechanism of the ‘all-or-none 


response in the heart of all 


} 


other animals so far investigated 


II. CONTRACTIONS OF DIMINISHED AMPLITUDE IN RESPONSE TO 
INDUCTION SHOCKS OF INCREASING STRENGTH. 


The statement that with induced shocks of a certain intensity sent 
through the heart the greater the intensity the greater the amplitude 
of the muscular response requires the following limitation. When 
working with the heart of crabs and the heart of Octopus, tracings 
were sometimes obtained showing a relation between stimulus in 
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The mechanism by which these depressor effects are produced is 


obscured by the fact that I failed to obtain them in all preparations 
It may bea case of transient paralysis of the heart tissues from over 
stimulation, or a condition of anelectrotonus. Further studies are 
required to settle this point. Similar reactions have recently been 
described in the case of human skeletal muscle (and nerve) b 
Storey.) 


III. THe SrarRcASE”’ CONTRACTIONS OF THE CRUSTACEAN 


‘| ne well-known staircase 1 pi enomenon, or the response ot 


nuiscle with contractions of gradually increasing amplitude to a series 


> 


of induced shocks of the same intensity, has been found to obtain 
only in the heart, but also in the skeletal muscle of the vertebrates 
Richet obtained the same response in the claw muscles of 
crustaceans. Reactions which appear to be of the same nature were 
obtained by me in the heart of the crabs. If the resting or pulsati: 


crab heart is stimulated with make or break shocks of uniform 


not too great intensity at the rate of one stimulation per second 
the contractions in response to the first three or four stimuli at 
of gradually increasing amplitude. The contractions following the 
succeeding stimuli remain of uniform strength. If the rate of stimu 
lation is less than one every other second, no staircase effects are ob- 
tained. This successive increase in the strength of the beats appear 
the more singular because, when the rate of stimulation is one secor 
the heart is being stimulated with the second shock before it has 
completely relaxed from the contraction produced by the first, a1 
from the fact of rhythmical variation in the excitability of t] 
tissues one would have expected that the response to the se 
shock should have been less than to the first. 
Various explanations of the “staircase’’ response in muscle have 
been offered. The most probable explanation appears to be that the 
electrical conductivity of the muscle is increased by the first few 
stimulations, and in consequence each succeeding shock is in realit 
a stimulus of greater intensity. In the case of the heart it has alsé 
been suggested that these effects are due to fatigue or gradually 
diminishing influence of the inhibitory nerves which are stimulate 
simultaneously with the muscle and the motor nervous tissue. This 
explanation, of course, does not apply to the skeletal muscle to whic! 
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VII. THE INHIBITORY EFFECTS OF THI 
INDUCED SHOCK. 


THE FUNDAMENTAL CONTRACTIONS 


of the experiments on the rhythmical variations 
in the invertebrate heart some rather singular res 
which on further examination proved to be character 


molluscan and arthropod hearts worked on. I four 
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strength of the shock required to produce this decrease In the ampli 


tude of the beat causes also shortening of the succeeding diastole o1 


ing of the following diastole accompanied by tonus relaxation. That 


the interrupt 
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many vertebrates on « 


Dew-Smith,' a 


demonstt i 
not convincin 
single induced 


traction” (p. 3 


ea 


shock on the heart (snail, Octopus) is to excite to con- 


=) 


diastoles together with a tonus contraction, and more rarely a lengthen 


current of a certain intensity inhibits the heart 


} 
i 


nd Ransom? have shown that this is also true for t 


molluscs. Foster and Dew-Smith concluded that the 
shock of an intensity below that which stimulate 
t produced the opposite effect or inhibition; but their 


ion of the inhibitory effect of the single induced shock is 


1 


26). This conclusion of Ransom is certainly untenabl 
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kansom concludes .that the only action of the 
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affects the heart in these phases of the fundamental contrac 


produces an extra beat. But I have occasionally obtained a prolonga- 


i 
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tion of the diastolic pause and a diminution in the amplitude of 


beat by sending an induced shock through the hear 


subsequent 
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make and the break shock, but in the ventricle of 
Ariolimax it is more readily obtained by the make 
than by the break, and that appears also to be 
true of the systemic ventricle of Octopus. In the 
ventricle of Ariolimax, moreover, the effect ap- 
pears to depend to some extent on the direction 
of the current. The same intensity of the make 
shock which produces a diminution of the beat 
when the kathode is on the auricular end of the 
ventricle produces a supermaximal beat when the 
anode is on the auricular end. This is illustrated 
in Fig. 1, 47%. The strength of the make shock 
remains the same, but the direction is reversed by 
means of a Pohl’s commutator. In this respect 
the influence of the induced shock is closely 
paralleled by that of the direct current, for in 
the ventricle of this mollusc arrest of the rhythm 
in diastole is most readily obtained with the 
kathode on the auricular end, while with the 
poles reversed the same strength of the current 
tends to produce a continuous contraction. But 
even in the ventricle of Ariolimax the diminution 


of the beat can be obtained by the induced shock 


with the anode on the auricular end. 


A certain intensity of the 

diminishes the amplitud 

sent through the heart at the l r of the sys- 
tole of an artificially produced beat, This is illus- 
trated by the tracing from the quiescent ventricle 
(systemic ) of ( )ctopus in Fig, 4, 4 1. In this case, 
with the secondary coil at a distance of 12 cm. 
from the primary, the ventricle responds with a 
maximal beat both to the make and the break 
shock, byt in the part of the record represented 
in this figure the secondary is moved up to within 
6 cm. of the primary; that is, the strength of the 
shocks is many times greater than suffices to pro- 
duce the maximal response, but not great enough 
to produce the submaximal response described in 
a previous paper. When the make and the break 


shocks follow each other in rapid succession, the 
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resulting beat is of less amplitude than 
shock separately; that is to say, a sec 


ventricle at the beginning of the contraction produced 


stimulus prevents the full development of that contra 
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very readily into a condition of 


for the longer time the more exte 


stimulus causing the c 
stimulation, a strong t 


shock will produce this prolonged con 


of Aplysia foes into extreme tonus if tl 


raised above a certain maximum. In the 


tricles the column of blood sometimes re: 


before this tonus reaction was obtained. The tonus 


topus, 


less readily produced in > ventricles of Octo] 
strong tetanizing current usually leaves the heart 

treme tonus or “‘ tetanus” for some seconds or even minute 
stimulation. In the hearts of the squid and the decapod 

this prolonged tonus contraction was never observed. When 
traction is extreme, no beats appear on the curve, but in 

the heart passes gradually into the state of extreme contra 
utive beats appear on the rising curve, and as the relaxatior 


these diminutive beats usually reappear. 
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lamellibranchs and thi 


tn this con lition f tncreased tonus or 


contraction the single induced shock of a certain intensity causes rela 


ation of t tion, but an increase of the strength of th 


this intensity produces contraction or further increas 


Typical myograms illustrating this tonus relaxation in the molluscar 
heart are reproduced in Fig. 5. The tonus relaxation is usually only 
temporary, the hearts returning more or less gradually to their former 
degree of contraction. But if the prolonged contraction is extreme 
or nearly so, the recovery is usually incomplete. It is not strictly 
correct to call the prolonged contraction extreme, except in the case 
of the filled ventricle of Aplysia, for the interrupted current or even 
the single induced shock when of sufficient intensity will produce 
additional contractions. In the resting and to all appearance relaxed 
ventricle of Mya the induced shock of a moderate intensity usually 
g.5, D) 

The tonus relaxation is produced both by the make and the break 


produces a tonus relaxation prior to the contraction (Fi 


shocks, and it is produced with either direction of the current through 
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III. THEORETICAL CONSIDERATIONS. 


I have shown in a previous paper that this diminution of the 
I pa} 
amplitude of the automatic beat by the strong induced shock sent 


through the heart at the beginning of systole is also obtained in 


the vertebrate heart (the hagfish). In this respect, then, there 
is no difference between the vertebrate and the invertebrate heart. 

I have as yet made but little progress in determining the nature 
this type of inhibition. The simplest explanation would be that it is 
brought about by the stimulation of inhibitory nerves and nerve 
endings in the heart by the induced shock. This explanation is 
rendered improbable by the following facts, namely: 1. The inhi- 
bition is obtained in hearts and parts of hearts in which inhibitory 
nervous mechanisms have not as yet been found. 2. It is obtained 
in hearts provided with inhibitory nervous mechanisms after these 
have been paralyzed by drugs (atropin, nicotin, curare). 3. The 
intensity of the induced shock required to produce this type of 
inhibition is so great as to make it highly probable that it affects 
the automatic heart tissue directly. 

The facts already referred to that this inhibition is usually more 
readily obtained by the make than by the break shock, and that 
the efficiency to produce the inhibition appears to depend, in some 
hearts at least, on the direction of the induced current in the heart, 
suggests that we may have to do with an electro-tonic action of the 
induced shock. The inhibition may be only a case of anelectrotonus. 
It is well known that in the case of the strong galvanic current the 
anelectrotonic condition extends over the greater part of the inter- 
polar region in the tissues. This explanation is suggested by the 
fact that this type of inhibition requires a relatively great intensity 
of the induced shock. Attempts were made to test this explanation 
in the ventricle of the hagfish, but the results so far have not sup 
ported this explanation. The inhibition is probably not a case of 
anelectrotonus, or at any rate the polarizing action of the induced 
shock: in the heart is complicated by the complicated structure of 
the heart (nervous and muscular tissues), and by the further 
that all the parts of the heart in automatic activity are not in the 
same state of contraction or relaxation at the same time. It was 
pointed out that the induced shock applied to the heart in diastole 
produces contraction, while reaching the heart at the beginning of 


CARLSON: Zeitschrift fiir allgemeine Physiologie, 1904, iv, p. 259. 
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THE EFFECTS OF INTRAVENOUS INJECTIONS OF 
EXTRACTS OF THE BONE MARROW OF SWINE ON 
THE BLOOD PRESSURE IN DOGS. 


By ORVILL d RY BROWN and DON R. 


B ROWN and Guthrie! found that a sodium chloride solution extract 
of beef bone marrow produced a marked and prolonged fall of 


} 


rial blood pressure when injected intravenously. A second injec- 


arte 


+ 


tion produced as great a fall as the first, but the duration of the fall 
was much shorter. The decreased tension is a result of vaso-dil: 
as the same fall occurs after cutting of the vagi nerves. 


rate is even slightly accelerated during the fall. 


Most tissue extracts when injected intravenously < 
of blood pressure. Oliver and Schafer? found that an 
medullary substance of the suprarenal capsule when i 
venously into an animal produced a marked though transitory rise of 
arterial tension. These same workers® found that extracts of the 
pituitary body contained both a pressor and a depressor substance. 
Subsequent investigations * have shown that the hypophysial portion 
sland is void of either of these substances, and 
in the infundibular lobe. Schafer and Moore * 
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4. Ninety-five per cent alcohol was added to fresh marrow from 
which the fat had been removed and the mixture boiled for about the 
same time as in the preceding extract. After filtering through cotton 
the filtrate was evaporated to dryness and taken up with 0.9 per cent 
sodium chloride. This was termed e@/coholice extract. It was of a 
brownish color and slightly cloudy. 

5. \ dry extract was made by boiling with distilled water and 


evaporating the filtrate to dryness. This was termed ary ertra 


It was used by dissolving a weighed amount in a measured quan 


tity of 0.9 per cent sodium chloride for injection. 

6. Armour & Co.’s “glycerin extract of bone marrow” was also 
used, 

Dogs anesthetized with ether were used for testing all the extracts. 
The blood pressure was recorded from the common carotid artery by 
a mercury manometer. The rate of pulse and respiration was deter- 
mined bya pendulum connected in an electric circuit which registered 
the time upon the drum. Tracings of the respiration were obtained 
by a trachea tube and tambour. The injections, unless otherwise 
stated, were made by means of a burette and cannula connected with 
the central end of the external jugular vein. The time of injection 
was recorded on the drum by means of a signal magnet. Unless 
otherwise stated, the injections were made at approximately body 
temperature. For control experiments the sodium chloride solution 
in the same concentration and quantity as that employed in making 
the extracts was injected. The dosage was twenty-five cubic centi- 


metres, unless otherwise indicated. 


EXPERIMENTAL RESULTS. 


Cold extract. — A first injection of this solution into a dog weigh- 
ing about fifteen pounds produced a marked and prolonged fall of 
blood pressure. The original mean pressure was 162 mm. of mer- 
cury. The fall was 112 mm., and at the end of twelve minutes the 
blood pressure had regained a height of 102 mm. and had ceased 
rising. At the moment of injection a slight rise of the arterial ten- 
sion of about 5 mm. Hg occurred. This is but slightly more than 
the rise occurring with this amount of 0.9 per cent sodium chloride 
solution. The point of least pressure was reached forty-seven sec- 
onds after the end of the injection. At this time the pressure rose 


gradually 44 mm. and again fell to nearly the former level. 
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Dry extracts. The injection of 60 mgm. of 
in 25 c.c. of 0.9 per cent sodium chloride soluti 
small initial pressor effect followed by a fall, us 
after the second injections of the boiled extract. 
effect lasted a little longer than usual. 
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double the pressor effect obtained with 
much more prolonged. 

Glycerin extract.— This solution produced no initial 
but 10 c.c. produced a fall of 64 mm., which lasted 
seconds. Subsequent injections of the same amour 


less in depth and duration. Ten cubic centimetres of 


produced practically no change in the blood pressure 
Subcutaneous injections of solutions containing active 
depressor substances produced very slight depressor e 
were followed by pressor effects of 14 mm. Hg, wh 
minutes. Administration of the solutions containing 
and depressor substances per stomach produced no cl 
pressure. Usually after five or six intravenous doses 
the animal died, and the heart was often found to be 
clots. Solutions made from both red and yellow mar 
rately revealed no difference in the distribution of eithe: 


or depressor substance. 
SUMMARY. 


(1) The bone marrow of swine contains substance 
pressor and depressor influences on the blood press 

(2) The pressor substance is soluble in 0.9 pet 
ride solution at 45° C. and at boiling temperature. It 
in glycerin or is destroyed by it, and is only part 
alcohol or is partially destroyed by it. 

(3) The depressor substance is soluble in 0.9 
chloride solution at 45 C. and al at boiling t 
soluble also in alcohol and glycerin. 

(4) ‘“ The first injection” of 0.g per cent sodi 
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followed by a very marked and prolonged fall. The initial rise was 
ions, while the 


not nearly so marked as that produced by later injections, 


fall was more marked both in depth and in duration. 
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by a second pressor effect which brought the pressure again above 
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the normal, where it remained for some time. It was 
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was gradually overcome, and the pressure gradually a 
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usually somewhat below the normal, where it remained c: 


tt 


(6) The boiled extract produced on first injection 


} Harte wary ilar ¢ }, > ht 
ana Gepl I very similiar to those ovdtainea 


injections” of th ld extract; the second and 


practically the same effects as the first 


} FAs +} 
occupied De > 


aecreas¢ 


(7) The effects of marrow extracts on the blood 
most easily explained by the assumption that t 


pressor substances and one depressor sul 


row. ()ne the pressor substances act 


vessels, and the other 
begins with its 


pressor tect, a 
to be overpowered by the second pressor actio1 
tant 


while the depressor substance is still 


(5) 
| 
replaced it 
ffect, which 
mnstant. 
Pes injection, except that the time 
pressure Cal 
ire two separate 
ee stance present in the mat 
into the blood cts only after minute I 
so. The depress on immediately after the first 
Ths ater pen 
‘ 
i 


OF J] 
SWIMMING-PL 


A l vari times comparison has bee 
4 tion accompanying the onset of 1 


] + 


and the normal phenomenon of vital mus 
Nysten,’ in 1811, reviving an earlier or 
characterized rigor as the last contractile 


+} 


Two fundamental observations —first, that 


] 
ge resembling 


substance undergoes a chan 


that whenever coagulation is directly induc 
(as heat or the action of reagents) the muscle shor 


becoming permanently contracted —early led 
h 


a transitory coagulation of the proteids mi 
diate cause of contraction in living muscle. 
times found its most definite advocate in Hermann 
tion, in his “ Handbuch’ 

cant resemblances between the two processes. He 
impressed by the marked similarity between the cl 
during rigor and during prolonged normal contraction 
also by the existence of what appeared to be transition 


the two conditions, such as the gradual passage of abt 


The present reseat WV nd 1 he Zodlogi 
with the aid of ; I t t 


ing my best thanks to tl 
extended to me during 1 
2 NySTEN: Recl 
from SANDERSON 
SCHIFF: Gesamn 
* HERMANN: Hand 


THI RELATION BETWEEN CONTRACTILITY ANI 
PHORI \TE 

INTROD rORY AND ILHEORETI 
n made betw tra 
or mortl iS 
ular ¢ tract Ch 
ven ancient { 
I mus 
coagulation, econd, 
to the su n that 
illed atte 
hang 
etwe 
e dit tor | tott » ctat 
tor and staff of the sta 
ny stay 
hes de physiologie et d emi¢ i ( 
if P p. 3 
te Beitrage zur Physiolog I 3a | ) 
ich, i, pp. 250 ¢¢ seq., pp. 331 ef se 
117 


118 Ralph S. Lillie. 


conditions (due to strychnine, etc.) into true rigor mortis. A muscle 
brought into the initial stages of rigor by ligaturing its arteries is 
similar to one exhausted by prolonged work in the further respect 
that circulation may in both instances restore the lost irritability. 
Schiff! has advocated views similar to those of Hermann. The fact 
has long been familiar that excessive muscular effort immediately 
preceding death hastens the onset of rigor; according to Schiff, 
it is impossible to make any rigid distinction between vital mus 
cular contraction and the shortening of rigor; there may even be 
a gradual passage of the one into the other. In particular, he 
identified the localized or “ idiomuscular” type of contraction with 
the contraction-phase of rigor; the latter he declared to be essen- 
tially an idiomuscular contraction produced by the irritating acti 
of the altered sarcoplasm (Muskelsaft) of the dying muscle upon 
contractile elements of the tissue. 

Hermann * also compared experimentally the lifting power 
muscle in rigor-contraction with that of normal muscle, findir 
that both height and lifting power of rigor-contraction may be 
greater than in the single muscular twitch. This is certainly not 
true of tetanic contraction; it is nevertheless noteworthy that a 
contraction due to the coagulation of the muscle-proteids can per 
form work quantitatively comparable with that done by the muscle 
in normal contraction. Brodie and Richardson,® in estimating the 
‘‘absolute force” of heat-contraction in muscle, reached a similar 
conclusion; the lifting power of heat-coagulated frog’s muscle was 
found to be equivalent to about twenty grams per square millimetre 
of cross-sectional area, a value again comparable with that of normal 
contraction. 

When a muscle is coagulated, it shortens and thickens, undergoing 
a change of form similar to that of normal contraction. It is not, 
however, a priori clear that this coagulation is in itself the primary 
condition of the shortening; conceivably the latter might be a con- 
sequence of other and secondary changes accompanying coagulation. 
That the shortening is directly dependent on the coagulation is the 
generally accepted belief, and two chief facts may be adduced 


1 SCHIFF: Gesammelte Beitrage, 1894, ii, pp. 102 ef seg. 
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altered. If the above view is substantiated, the interchange of fluid 
between the isotropic and the anisotropic portions of the fibril! — 
the latter increasing in volume during contraction— must be regarded 
as merely a secondary consequence of the aggregation-change in the 
colloidal system, and not as in itself the immediate and determinative 
condition of the movement. It is clear that any theory which refers 
contraction to this interchange of fluid? must first explain how the 
interchange is effected. 

If we admit the possibility that the direct source of the energy of 
contraction is a coagulative change in the colloids forming the con- 
tractile fibrilla, it remains to consider somewhat more closely the 
naturé of the conditions under which such changes can furnish a 
source of mechanical energy. In any colloidal solution a large 
portion of the transformable energy of the system exists as surface- 
energy in the surface — frequently of enormous extent — separating 
the two phases (7.¢., the colloid substance and the medium, or the 
colloid-rich and the colloid-poor phases). The measure of this poten- 
tial energy is the product of the area of this surface into its specific 
surface-tension. One distinctive feature of any colloid system is the 
readiness with which the area of this surface may be made to undergo 
change. The action of electrolytes, changes of temperature, and me- 
chanical disturbance? are the most effective agencies in causing such 
changes. These very agencies are known to be most effective as 
protoplasmic stimuli. During the aggregative changes leading toward 
coagulation there is a diminution of surface, and the available surfac 
energy decreases proportionately (assuming other conditions 
changed). A portion of the surface-energy thus transformed may 
appear as mechanical energy, and work is accomplished. Thus it is 
clear that when any colloid by coagulating brings its formerly sepa- 
rated particles in union and displaces the interstitial fluid, a certain 
mechanical work is performed. Work of at least equivalent value 
must be done on the system to restore the original condition. 

Applying these considerations to any contractile tissue, — such a 


tissue, on the above view, may be regarded as essentially a device 


for rendering mechanically available the stored surface-energy of its 
constituent colloids. It is for the purpose, so to speak, of furthering 
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in the colloid particles composing contractile 
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Evidence that contraction is accompanied 


is afforded only indirectly by certain of the 


physiology, while many others are difficult of 


hypothesis. It remains to examine the conditions 


contractile tissue. The present paper describes certain 


lation of elect: 


made during a study of the re 
the Ctenophore swimming-plate; t! 

that the above condition actually exis 

ming-plate is substantially a cilium of macrosc 
since ciliary activity is a remarkably widespread 
tive form of contractility, the presumption is that i 
simpler than in the case of muscle. The facts 
cate that contraction in these structures is in 


coagulative change in the colloids composing 


I-XPERIMENTAL. 


The following experiments were performed on the swimming-plat 


of Eucharis lobata, a large Ctenophore, common in the Gulf of Naple 


In this form, as typically in Ctenophora, the plates are dispos 
serially and at almost equal intervals along eight equidista 

ional bands extending from the aboral pole of the animal to the 
borhood of the oral region. The individual plate is in 
compound structure, as its development shows, and 1 

of a large number of greatly elongated fused cilia; in Iucharis 
plate may attain a length of from one to two millimetres; the wid 
conception. Cf. PAULI: Naturwissenschaftliche Ru: 
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is approximately the same. At rest, the plate lies flat on the su 

of the row with its extremity directed orally; on contraction it gives 
a quick, sudden beat toward the aboral pole, followed by an immediat: 
return to the resting position. In the normal life of the animal the 
plates are stimulated to beat by an impulse that passes rapidly along 
the row from aboral to oral, causing a beat of each successive plate 
as it passes. The rhythm of this movement is variable, and usually 
exhibits considerable irregularity according to the manner in which 
the impulses are discharged; from three to six beats in a second is a 
usual rate. Portions of a row of plates, or even single plates, may be 
isolated, and will show typical and often quite regular beats of approx- 
imately the above rhythm. Each plate is therefore capable of rhyth- 
mical movement independently of the impulse from the aboral region. 
A remarkable peculiarity of the movement is its susceptibility to 
inhibition by slight mechanical stimuli. Touching a row of | 
plates, a detached portion of a row, or even an active individu 

with the extremity of a glass rod is typically followed by an 

ate and complete cessation of movement.! After an interval 

is resumed, 

The contraction of a plate is under normal conditions unaccom- 
panied by any visible change in its substance, which is clear and 
transparent, and shows under the miscroscope evidence of its com 
position from fused cilia. A quick wave of contraction passes from 
the base of the plate, where movement starts, to its apex; ordi- 
narily the movement is so rapid that all parts appear to contrac 
simultaneously. 

When part of a row of plates is detached from the animal, freed as 
far as possible from adhering sea water, and transferred to certain 
artificial solutions, the character of the movement undergoes marked 
change. The effect seen in slightly acidulated isotonic sodium bro- 
mide or sodium chloride solution? is typical ; the rhythm is greatly 


accelerated, the movement becoming quick and vibratory with the 


individual beats usually indistinguishable; it is no longer subject to 
mechanical inhibition, and its energy is often greatly increased so 
that the strips with the attached plates are propelled rapidly through 
the solution. Such movement never continues long; its activity pro- 


1 This effect is seen in sea water; in many artificial solutions it is absent 
the presence of calcium salts seems essential; in calcium-free sea water the reacti 


is greatly reduced or altogether absent ; similarly in calcium-free artificial m 


2 For a list of solutions in which this effect is seen, see p. 12¢ 
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gressively am and it finally ceases, usually within a 1 ! 
less, the HNN tion varying in different solutions \ 
ing the there 1s seen a remarkKabie inge 1 
} } + ¢ + 
ance of the plate: its substance, at first Clear, 4c ' 
Wnitens, and nAnaily iy WhILeC a l ] \\ 
final stage Is reached movement Ceases and Is t ! fort 
of renewal. In other words, th ibnormally reased nt 
econ nied by a nrocressive th, 
ICLIVITY IS a il) 1 DY | 
substance of the plate. There occurs also a profou lt t 
its structure and phy il consistency. In th inalt 
the plate possesses considerable coherence and tensile st th, 
it is difficult to separate into portions except by tea C t 
direction of the component fused cilia; its structure whil 
nus uly noriiiar, We above one I 
found to be almost completely lost, and the entire structur 
readily broken into small tragments by simple shaku 1 e 
ateiy after the coagulation the original fibrillat tr ture rema 
partly ident under the microscope, the coagulated part : 
nibiting a disposition aiong weli-denned rows corresponding t t 
fibrils Later the plate absorbs w iter, Wells, loses al ! ent 
structure, and { ly disintegrates. 

Various facts indicate that this peculiar coagulative ne 
ntimately connected with the contraction itself, and not mer 
due to the direct action of the solution on the coagulabl ibst 
of the ate. lhus, it trequently happens that ou 
of piates immersed simultaneously in a solution, several 1 
vibrating at once, while others remain inactive tor a time, l \ 
} ] OF ar h ‘ ¢1 
be tor several minutes. such CIFCUMStances ca 
Invariably show immediate coagulation, while the others remain t 
parent and unchanged in appearance until the vibratory mo lent 
DeLINS 1tnem Wnen TOMOWS In Lint 

Again, the degree of activity or energy of the moveme i In 
different solutions, and it 1s found that the rapidity with wh e 
coagulation ggg bears a direct relation to the intensity of 1 
Vibratory ne loliowing liustrates: in a se! Ol LU- 
tions of chloride, containing hydrochlo: 

1 The degre f thi ‘ ng varies with t om f 1 
general, active anions ( hydroxyl, etc.) favor ! tior 
gen, val S i t and trivalent metals) eck r prevent t ' 
relation of ions to sw ng will be er nother t 
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graded proportions, ranging from ;,””— to ,’’., it is found that on 
passing from the solutions with lower to those with higher concen- 
tration of hydrochloric acid there is a progressive increase in the 
rapidity and energy of the vibratory movements and also in the 
proportion of plates that show such movements immediately after 
immersion in the solution. In the more weakly acidulated solu- 
tions movement is less energetic and lasts longer. Thus, in one 
series of experiments the following was observed: in isotonic ammo- 
nium chloride solution containing ,,°,,, # hydrochloric acid a large 
proportion of plates began active movement at once ; in every instance 
these whitened within a few seconds; a few remained inactive and 
transparent for a short time, then exhibited the characteristic quick 


vibration, followed by immediate rapid coagulation. In solutions with 
m NH,C1 


ment was extremely active, and was exhibited by practically all the 


somewhat more acid (,* m HCl) the initial move- 


) 


plates, many strips swimming actively during the few seconds previ- 
ously to coagulation. Immediate coagulation occurred in al] the active 
plates. In higher concentrations of hydrochloric acid (,(\5 m, 
the same extremely rapid vibration and coagu- 
lation within a few seconds were seen. In general, the higher the 
concentration of acid in such solutions (up to a certain limit), the 
more promptly does vibration appear, the greater is the energy of 
vibration, and the more rapid the coagulation of the plate. 

Similar phenomena may be observed in a large number of solutions. 
In acidulated isotonic solutions of a number of other salts (NaCl, KCl, 
Na, SO,, MgCl,, CaCl,) extremely active vibratory movements with 
rapid coagulation appear in the solutions containing more acid (hydro- 
chloric acid in concentrations from 5; to ¢?¢); in more weakly acid 
solutions (, 7%. hydrochloric acid or less), movement is less energetic 
and lasts longer, and coagulation is slower. The same is seen in acid 
solutions of non-electrolytes (cane sugar, dextrose, glycerine), although 
the movement is slower than in salt solutions. Obviously the presence 
of acid favors the appearance of the quick vibratory type of movement, 
and hence also of the accompanying coagulation. In many other 
cases it is difficult to see any clear relation between the composition 
of the solution and the production of the above effect. Alkali has a 
less distinct action than acid; in weakly alkaline solutions of sodium 
chloride (solutions of sodium chloride containing sodium hydrate in 
the concentrations and proved most favorable) nu 
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definite relation (except in the case of acid etween tf t 
otf the solutions and their ettect in pr rapid itic 
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frequently made on specimens of Eucharis kept for some 
water has a similar significance 
terest here. ! ying animals the swimming-plates coa 
whiten he above solutions; the change appears to 
al nature as the coagulative process accon 


ippearance one often ol 


mortis. Shortly betore its serves 


plates which are about to cease activity exhibit a continued 
intermittent beating movement of abnormally quick rhy 


of the above vibratory movement, though never so rapid. 


in character of movement appears to be an indication 


ante-mortem changes are in progress within the plate 


these, as the later coagulation shows, consist partly in a ] 


coagulation of the colloids of the contractile tissue. The more 


movement then observed is to be regarded as due, ji st 


artificially accelerated movement described, to the presence 


conditions in this case deficient oxygenation or the presence of 


bacterial products coagulative changes in the fibrils, and 


nence acceieratin 


This increased activity during the ante-mortem alterations bears 


the coagulative phase of the contraction process. 
‘ertain correspondence to the muscular twitching observed by Schit 


and others during the early stages of rigor mortis. 


Artificially accelerated contractile activity in the swimming-plates 

he Ctenophore Eucharis lobata is accompanied by visible coagula 
tive alterations in the contractile fibrils. 

2. During movement he normal medium (sea water), and in 

artificial solutions in which movement retains its normal rhythm, n 


such coagulation occurs. Kapid vibratory movements induced by 


various solutions (e. ¢., of weakly acidulated sodium salts) are invaria- 


bly accompanied by rapid coagulation; this change is the more rapid 


the more energetic the contractile activity. In inactive plates it does 


not 


occur, 

3. A connection between contractile activity and coagulative 
changes in the colloids of the contractile tissue is thus indicated. 
Presumably the contraction-phase of the beat is due to a coalescence 
(incipient coagulation) of colloid particles; this change is reversed 


1 
} 
i 


during the relaxation-phase. During accelerated movement the re 


versal is incomplete, and the coagulation is therefore progressive. 
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igi ; dextrose is the sugar of the body par t t 
“ acid is the form of lactic acid found. 

Moriya,* quoting the literature of the subject, says the f that 
the lactic acid found in the body is the d-modification, was affor 
by Wislicensus for muscle, by Gaglio for ood, and by Pautz for e 
vitreous humor. Moriya himself shows that uct exists il 
the brain tissue of all animals, in lymph ! vy, thi 
spleen, pancreas, and suprarenal glands. The isolated ; lt of the 
icid is in all cases a d-la tate, Morishima pl that t tate 
mas present in normal liver, blood, muscle, kidney, and tt test 
Eee the same organs, but In much irger qu tit 3. 11 
or fermentation lactic a vas nevel 
found. 

that if livers conta 
left to stand in the air at 16° to 18° for 
en decreased and termentat t 
[hese conditions, vever, were t 
on having ilways been pre t I 
tly perceptible in o of t € 
as re rds W it obtain the | ! 

MMMM use * reports a large production of d-lacti 
BEES poisoned with strychnin, and a small excret of t 

| Louis C. Tiffany Resear I yin P oO a 

2 Moriya: Zeitschrift fiir phy gische nie, 19 

8 MORISHIMA Arch fur xperimentell Pathologi 
1899, xliii, 2t7. 
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the urine. He believed the acid was largely destroyed in the lis 
basing his opinion on the just reported discovery of Minkowski that 
the extirpation of the liver in geese leads to a large output of lactic 
acid in the urine. These experiments were followed by those 
Werther! who compared the phenomena of tetanus and rigor mortis 
in frogs, noting that both were accompanied by a reduction of muscle 


glycogen and an increase in lactic acid. 


} 


Spiro? demonstrated that tetanus in dogs and rabbits resulted in 
large increase in the amount of lactate present in the blood. Neithe 
he nor Marcuse was able to detect lactic acid in the urine of men 
who danced or exercised hard in the gymnasium for three or four 
hours. However, Inouye and Saiki’? have confirmed work by Araki 
and have shown that d-lactic acid is eliminated in the urine of 
epileptics after the convulsive attack. ° Also Fuerth and Lockman 
find d-lactic acid in the cerebro-spinal fluid of eclamptics, after the 
the seizure. 

Araki® formulated the proposition that lactic acid (as well as 
sugar) appeared in the urine under conditions of insufficient oxygen 
ation of the tissues, as may be brought about by carbon-monoxide, 
morphine, curarin, amyl nitrite, hydrocyanic acid, strychnin, and 
veratrin. 

Zuntz’ while living on top of Monte Rosa, observed that the at- 
mosphere is sufficiently rarefied that if the respiration be partially 
impeded, as in the act of buttoning one’s boots, a decided oppression 
results. During hard exercise at this height products of metabolism 
are formed which are not oxidized — products of an anaerobic clea 
age. Although Zuntz‘ does not make the statement, it is to be ex- 
pected that lactic acid was among these products. The formation 
of lactic acid, C,H,O,, from the metabolism of dextrose, C,H,.O,, 
which accords with Hoppe-Seylers’ conception of carbohydrate 
metabolism, is an excellent illustration of anaerobic cleavage. 


Phosphorus and arsenical poisoning present conditions in which 
| g 


sammte Physiologie, 18go, 
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Under these circumstances the glycosuria is the predominating in- 
fluence removing dextrose as formed from proteid. The above 
named authors also reversed this experiment. They injected a dog 
with phosphorus and obtained a urine alkaline with ammonia and 
filled with tyrosin crystals. On administration of phlorhizin the 
urine became acid and the normal ratio between dextrose and 
nitrogen was readily obtained.! 

From the character of these results it seemed very probable that 
the ammoniacal reaction of the urine in phosphorus poisoning was 
due to the formation of lactic acid in the organism, which had to be 
neutralized. Since the urine became acid once more on administra- 
tion of phlorhizin, one might argue that the production of lactic acid 
ceased with the removal of dextrose from the body. It therefore 
might be inferred that lactic acid was a cleavage product of dextrose 
If this were true, no lactic acid should be present in the blood and 
urine of a dog poisoned with phosphorus after phlorhizin diabetes is 
induced, which latter condition effects the removal of dextrose, the 
probable mother substance of lactic acid. The first part of the present 
research deals with this problem;* but before proceeding to its 
description, a few more words must be devoted to a consideration of 
the source of lactic acid in metabolism. 


Minkowski® clearly showed that after extirpation of 


geese, ammonia and lactic acid replaced the customary uric acid 


the excreta, and that this lactic acid was proportional to the amount 


of proteid destroyed and to the ammonia present in the urine. I[n- 
gestion of carbohydrates did not ‘increase the quantity of lactic acid 
eliminated, and therefore Minkowski concluded that lactic acid owed 
its origin to proteid alone. Araki* subjects this to the criticism that 
the severity of the operation prevented the proper absorption of in- 
gested carbohydrates 

Asher and Jackson,” by ligating the coeliac, superior and inferior 
mesenteric, phrenic and renal arteries and renal veins, cut off the 
blood supply to intestine, liver, spleen, pancreas, and kidneys of a 
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liver results in a production of acetone, which is found in the blood, 
and in a probable formation of lactic acid. This reaction would 
depend upon the cleavage of the leucin molecule, as is indicated in 


the following formula: 


— CH,CHNH,COOH 


These authors find that blood containing alanin when percolated 


through a surviving liver loses its alanin, in the place of which lactic 
ot 


acid appears. One may therefore picture a considerable origin 
lactic acid from proteid through simple hydrolytic cleavage and 
denitrogenization processes. 

A final factor lies in the observation of Neuberg and Langstein, 
that alanin ingestion increases the glycogen in the liver, and this 
probably through a synthetic production from lactic acid formed. 
Such a process would indicate a possible course of the sugar produc- 
tion from proteid. This idea receives further confirmation from the 
experiments of Amalagia and Embden,! which have shown that the 
ingestion of d-alanin by a dog with pancreatic diabetes largely in- 
creases the sugar output in the urine. 

Embden and Salomon* in two experiments have attempted to 
demonstrate the conversion of lactic acid into sugar. In one dog 
from which the pancreas had been removed a partial diabetes ensued. 
Che urine became sugar-free; but on giving 13 gm. of sodium lactate 
7.8 gm. of dextrose appeared in the urine. In another experiment 
with a diabetic dog, 35 gm. of sodium lactate were given through 
a stomach sound, and then (because of violent vomiting) 20 gm. were 
administered subcutaneously. The urine of the day before contained 
9.7 gms. of sugar, and on the day of lactate ingestion 19.47 gm. 

The results are open to the following criticisms: That the diabetes 
was not complete; that no record was made of the nitrogen elimina- 
tion of the time; and also that the increased sugar elimination may 
have been due to the ingestion of sodium ions,®? which Underhill 4 
claims increases the permeability of the kidney epithelium for 
dextrose. 

1 AMALAGIA and EMBDEN: Hofmeister’s Beitrage, 

2 EMBDEN and SALOMON: Hofmeister’s Beitrage, 

FISCHER: University of California Publications, Physiology, 

* UNDERHILL and CLosson: This journal, 1905, xv, p 22 
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rABLE I 
Dog I. Weight 


1500 


1200 


136 
10 keg 
a 
Date Rea Dextr Nit tateis tate 1 
tion 1 uri n LULA) 
blood 
; 1904 ‘ grams grams grams grams 
> : Simple star 
23| . Phiorhizin 3 
1320 107.7 29.32 3.6] none none 
rhiz 
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i “ 2 > Dog is very 
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ll SO 0.067 2.369 
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12 110 0.077 2.854 
"12 75 0.073 2.627 3 c.c.P* 
13 80) 0O.OS9 3.017 
13 275 0.132 3. 980 0.619 p* 
‘ 14 500 Faint icid 0.239 5 463 l c. ] 
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McDermott, and Lusk! find that their Dog III, which, like the one 
just described, had been poisoned with phosphorus, eliminated 4.9 gm. 
of “ extra sugar"’? in his urine during the first twelve hours of phlor- 
hizin administration. How much of this was derived from the body 
sugar and how much from lactic acid is, of course, undeterminable 
from the figures at hand. 

lhe complete disappearance of lactic acid in phosphorus poisoning 
when diabetes is induced, indicates that lactic acid produced from the 
cleavage and denitrogenization of proteid, whether this occurs in the 
intestinal wall or in the liver or elsewhere, .is first synthesized to 


dextrose probably within the liver, before further distribution to the 


tissues. In the case of phosphorus poisoning the distribution of 


dextrose takes place with resultant anaerobic cleavage leading to the 
production of lactic acid again. If diabetes be induced, this distri- 
bution of the sugar to the tissues is cut short by its complete elimi 
nation in the urine. Whether phosphorus poisoning completely or 
only partly destroys the capacity for oxidizing lactic acid, is not to be 
deduced from any experiments now at hand. 

The cause of the appearance of leucin, tyrosin, and other amino 
acids in the urine and tissues in phosphorus poisoning may, in the 
light of the facts set forth, be more readily explained on the assumption 

lactic acid partially inhibits the activity of the denitrogenizing 
enzymes, than by the theory of Oswald,® which declares that phos 


phorus fer se destroys or weakens anti-autolytic enzymes. 


INGESTED 7-LACTATES REDUCE THE FASTING PROTEID METABOLISM. 


A dog 


which had fasted twenty-four hours was continued starving 
and on the fourth and fifth days 18.7 gm. of calcium lactate were ad- 
ministered per os. This corresponds to 11 gm. of lactic acid or 1 
gm. per kilogram of dog. Diarrhoea ensued. The experiment may 
be tabulated as in Table IV. 

The urine of May 13 was unfortunately lost. The experiment 
shows that the lactate given may reduce proteid metabolism. The 
absorption may have been incomplete on account of the diarrhcea. 
Whether dextrose in the same small quantity would have the same 
action on metabolism, is not as yet known. 

1 Ray, McDermott, and Lusk: Loc. p. 146 

Extra sugar is the amount of sugar eliminated in the urine which cannot be 
ttributed to the proteid metabolism of the time. 


8 OSWALD: Loc. cit. 
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catheter. The lactate was retained by the dog and there was 


diarrhoea. The following table represents the analytical data: 


TABLE V 


[he hourly nitrogen elimination in the different periods was as 
follows: 
N Hg per 


ind diabetic 
Lactate ingestion 
31 After-period | 
31 After-period II 


The nitrogen elimination was increased to 500 per cent of that in 
starvation on the production of diabetes; it was diminished on admin- 
istering fermentation lactic acid; and it returned nearly to its former 
level in a period beginning nine hours after the last dose of the 
lactate. The combustion of the lactic acid, therefore, reduced proteid 
metabolism. Combustion of the alkaline lactate apparently reduced 
the ammonia excretion of the period. 

As regards the sugar output following the ingestion of the sodium 


lactate, it will be first necessary to recall that Stiles and Lusk after 


a rigid critique of existing records regarding the D: N ratio in urine 
> > > 


his journal, 19 


: Dog V. Weight 12.2 Kg. Fasted since December 24 
Dat Dextrose Nitroge D:N NH | irks 
1903 ram grams 
1) ) 42 
<8) 
10 A.M.-<+ P.M 3 63 3.79 0.206 
De tat 
Dec. 31 
tA 1S 19 +.20 +.33 19 
1) 3] 
im tate at 4. 6:30, 9:30 ‘I. a 12:30. 3 
28 Fasting 14 
‘ “005 34 
Is 
E25 25 
554 
STILES and Lusk: T 03, x, p. 77 
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Examination of this table will show (1) a considerable reduction 
of proteid metabolism following the ingestion of comparatively small 
quantities of inactive lactic acid and (2) the elimination of 3.31 gm. 
of “extra sugar” after giving 11 gm. of lactic acid to the dog and 
4.35 gm. after giving 10gm. Here then 30 and 43 per cent of tl 
lactic acid has been converted into sugar by the organism. 

That under favorable conditions half or more of the lactic 
gested could be converted into dextrose, while the rest burned and 
reduced proteid metabolism, suggested the idea that it might be 
possible that the l- and d- components behaved differently in the dia- 
betic organism, the latter being converted into dextrose, and the 


former burning in part, and in part being converted into dextrose. 


THERE MAY BE A ( “ONVERSION OF d@-LACTIC ACID INTO 


DEXTROSI 


The d-lactic acid used was obtained freshly prepared, from Kahl- 
baum. We are greatly indebted to the kindness of Dr. P. A. Levene 
who analyzed the substance and found that it contained carbon cor 
responding to a lactic acid content of 84.75 per cent while the acidity 
of solution represented 81.2 per cent of the acid. In the calculation 
of the following experiments use has been made of the first named 
value. Unfortunately, the para-lactic acid was not absolutely pure 
Crystals of the zinc or lithium: salts could not be directly obtained. 
On treating 1 c.c. with paraffin, according to the Asher-Jackson 
method employed for the analysis of blood, a zinc salt was obtained 
which weighed 0.7432 gm. (=0.48 gm. of lactic acid). This sub 


/ 


} 


stance contained 11.40 per cent of water of crystallization and 27.94 
per cent of ZnO. Both of these values are below those demande: 


for zinc para-lactate, but approximate the relative value in which 
water and ZnO are present in that salt. The substance therefore 
consists of para-lactate, with a certain amount of impurity. 

In one experiment we injected 5 c.c. of the lactic acid solution 
(= 4.26 gm. lactic acid) diluted with 100 c.c. of water and neutralized 
with sodium carbonate into the intestine of a phlorhizinized dog. The 
dog had previously been operated on, so that the upper part of the gut 
was adherent to the abdominal wall. The operation was performed 
by our colleague, Dr. George B. Wallace, to whom we desire to 
express our thanks. 

The experimental results are as follows: 
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rhe effect of the subcutaneous injection of para-lactic acid (given 
as sodium lactate) in phlorhizin diabetes is presented in Table VIII. 

Examination of Table VIII shows (1) that there is little or no 
reduction in the nitrogen elimination during the period of the subcu- 
taneous injection of para-lactate; and (2) that para-lactic acid sub- 
cutaneously administered may be converted into dextrose to the 
extent of 57, 61 and 100 per cent of the substance given. Under 
certain circumstances, therefore, para-lactic acid may be completely 


converted into dextrose. It is possible that a variation in the time 


of absorption from the tissues was the cause of the variation in the 


quantity of dextrose produced after the injection of para-lactate 

On January 26, it is estimated that 3.76 gm. of extra dextrose were 
eliminated after the ingestion of 3.4 gm. of para-lactic acid. This esti- 
mate of ‘‘ extra dextrose”’ is based on the quantity which could not 
have had its origin from the proteid metabolism of the time. If, how- 
ever, one observes that 8.1 gm. of dextrose were excreted during the 
three-hour periods immediately preceding and following the nine-hour 
period of extra sugar elimination, one may compute an elimination of 

gm. of dextrose for the nine-hour period. Since 27.4 gm. were 

y eliminated, it follows that 3.1 gm. were extra sugar. This 

result, however, is only obtained because the nitrogen elimination is 

stationary. <A similar calculation on January 27 would have shown 

no ‘‘extra dextrose’ whatever. It is, therefore, absolutely essential to 

follow the nitrogen excretion in all well conducted experiments of 
this sort. 

Investigators who desire to determine the sugar production in the 
organism as caused by any given substance, will find this method 
easier and of greater reliability than that in which de-pancreatized 
dogs are employed (compare with critique on p. 134). 

Stiles and Lusk! showed that dextrose injected subcutaneously 
into phlorhizinized dogs is completely eliminated in the urine within 
six to nine hours. It is evident from the work now presented that 
d-lactic acid may be absorbed from the subcutaneous tissue and car- 


ried by the blood to the organs where a sugar synthesis is effected 


(liver, muscles?) and there be converted into dextrose. 

Claude Bernard showed that dextrose, whether derived from proteid 
or starch, was convertible into glycogen, and this again was change- 
able back into dextrose. The present research adds lactic acid to 
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both ends of this chain, in showing the following possible progression 


of events: lactic acid, dextrose, glycogen, dextrose, lactic acid. 


SUMMARY. 


1. Lactic acid disappears from the blood and urine in phosphorus 
poisoning when phlorhizin glycosuria is induced. This indicates that 
lactic acid produced from the cleavage and denitrogenization of pro- 
teid, whether this occurs in the intestinal wall or in the liver or else- 
where, is first synthesized to dextrose within the organism (liver) 
before further distribution to the tissues. In the case of simple 
phosphorus poisoning this distribution of dextrose takes place with 


resultant anaerobic cleavage leading to a second production of lactic 


acid. 

When diabetes is present, or when for any reason dextrose is con- 
verted only as far as the lactic acid stage, or when the mammary 
glands utilize dextrose to form milk-sugar. then the cells affected 
become “ sugar-hungry cells,” which attract fat in greater quantity 
than they can burn it (fatty infiltration). This picture of what is 
common to these conditions represents the standpoint developed 
in previous papers from this laboratory. 

2. There is a partial conversion of i-lactic acid into dextrose in the 
diabetic organism. It appears that one-half and more of the lactic 
acid is so transformed while the rest burns and reduces proteid 
metabolism. 

3. There may be a complete conversion of d-lactic acid into dex- 
trose in the diabetic organism. There is never any considerable re- 
duction of proteid metabolism indicative of a general combustion of 


a d-lactic acid when this is administered to a phlorhizinized dog 
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350 C.C.) collected on the second day gave no test for b 
freshly collected faces of the third and fourth days gave a 


[hese and further details are summarized below. 


Negative. 
III. Barium in the intestinal contents. After three weeks the 


bitch received 242 mgm. of barium subcutaneously. Th 


severe intoxication and died in two 


animal 
symptoms of hours. The 
urine and fzces voided before death gave distinct t 
indicating the early beginning of the excretion of the salt. 
did not yet present any evidence of marked changes 
The removed contents of the entire intestine gave 
barium. 

Quantitative data on barium elimination. 
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In an earlier paper the writer! ventured the suggestion of a func- 
tional connection between the physiological action of certain salts on 
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The f:xcretion of Bartum. 
the gut and their passage through the walls of the intest tract 
lor the alkali-earths this path of elimination ha 
tained. Magnus! and Kress* have since demonstrated that | i 
chloride acts as a local stimulant to the isolated intestinal 1 ut 

. even in the ganglion-fi preparations after the removal ot t 
of Auerbach. In discussing the mode of action of tl ’ 
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IV. 
SUMMARY, 
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THE PATHS OF EXCRETION FOR INORGANIC COM 
POUNDS. IIl.—THE EXCRETION OF RUBIDIUM. 


HE observations of Good?! on lithium and the 

studies in this laboratory by Hanford? on casium 
noteworthy difference in the mode of elimination 
metals in contrast with corresponding salts of the alkali 


latter have been shown to leave the body in far greater quantity 


the bowel than in the urine, the excretion through the kidney lastir 


during a brief period only, whereas the faeces may « 


away the foreign element for 


+h, 


pat IS 


ganic compounds lequ. interpreted. 


necessary before th 


potassium bromid 
minutes in the 
few hours and 
Again, thorium is neither absorbed nor excret 
tine, befng eliminated by the kidneys alone.’ 
the retention and dey 
connection 
The plan of the pr experiments on the excretion of rubidium 
was essentially like that followed in the earlier studies of this series. 


The element was always introduced parenterally so that its elimina- 
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34 
but in view of the difficulties attending the estimation 
present in complex ids in amounts aggregating a few 
only, the presented for the comparative values which 


afford 
When suffi nt rubidium was present in the urine, the 
estimated tly by comparison witl » standards of 


below. ‘dure for urine, faeces, and tissues co 


with nitric acid, adding sulphuric 
masses thoroughly with water. Th 
‘red and the process was repeated 
ranic matter. 
is of series B or C below. 


ns for comparison of the flame sp 


i concentration. 


all expressed in terms of rubidiut 


was undertaken by Mr. Closson. 


The paths of elimination. — 


then 


bidium recovered 


to early inexperience 


rubidium 

milligram 

they fairly 

nent wa 

ries 

evaporatin to dryn a 1 and 

extract lar! | extracts 

vere concentrated and 

sary, to 1 mor vere then 
vith thn tandat 

The standard so)luti 
pr i! follows: 

\. D rine diluted with an equal volume of water and dis ! t 
; ( ita ng the number of milligrams of rubidium cChioride indicated 

5 2 (4 5 .166. 

B. Solutio yf rubidiu sulphate (calculated as chloride) containing t 
inorgank constituents in about twice their normal « ntration 
rams per C.c.: 

I 2 ge {2} .166. 

( ~ tions like those of series B, the urine salts being pr t t 
i ti t r nor 
i > i si ati 

The results arc chicride. 

ILLUSTRATIVE PROTOCOLS. 

cutan .< gm. of rubidium chloride (28s mgm. per k | | 
1 25 c.c. of water. The animal died on the 1rgth day thereafter, | 
imably of an infection MMM prevalent. The figu reco! | for t 
suantit { ru i) the urin 1d feces are doubt to 
high cc th the method of estimation | 
( racteristic feature ire clearly indicated: the kidneys form t t 
organ of excretion, and the elimination Is gradual, being proi ged I 
many ys. 

1 | taken t void any error arising fr ntinued contan t { 
ne ¢ 

vay 


II]. Prolonged elimination in the urine 


Retention and immediate distribution of rubidium in 


The Excretion of Rubidium. 
1) Fa 
| 
/ 
\ 
Stalls 1 time, and ont return 
pr y used 1 experiments with rubidium. | { ( 
during t rst four days ¢« tained no detect tl fr 
Tl tion (RbCl) int rin f suce da \ ae ? 
(2) 3 , (3-7) gn hie raging 2.25 mgm. per \ 12 
ag 3 m » avel n 
the body 
t weighing 3.1 naest t 
injection of 625 mgt of rubidium ¢« rid > 
In 25 c.c. of water he an il drank wate! ry free ( ract 
in certain forms of gastro-intestina ritation. Phe ret {1 
during the next six days w timated. (See t ner 
2. | cat, now weighing 2.75 | res 6% 
rubidium chloride (244 mgm. per k ibeut 7 eu 
fluid nimal showed petit 1 thirst 
the tw tn \ Wii¢ i it I I i | I \ 
of bloody vomit in the « ig ted tro-intest t | 
succe ve daily outputs of nt t 14 er 
Wwe! is { ws, expressed in 1 ram 100, 2 6. 9, 4:8 
(2.6. 1.5) tot of 17 | freee 


156 Lafayette B. Mendel and Oliver E. Closson. 


traces from day to day, 


a total of 


now weighing 1.9 kilos next 


1301 hlarid 
um chioridae 


this period containcd NNN the soft stools of the first 
day including 1} mgm. with 2.5 mgm. in 14 days. Thus in 
all 1706 Ingm. were recovered. 
Experiment III, 1, page 155 
} ] 
im ¢ Orit 
1) Che 
I mem 
1 (18 l No fzces 
13 Trace 24 
6 (7 hou 7 No freee 
Ii ted, 625 mgm.; recovered 58.5 mgm. RbC1. 

3. Lhe cat, iE received an intravenous injec 
tion of 300 mgm. of rubi dM in 45 c.c. of water, with aseptic 
precautions, during anzesthesia. The infusion into a jugular in lasted 
ye hour. ‘The animal did not rally well and showed an excessive thirst. 
Che following day the cat was bled to death and portions of the body 
were analyzed 

DIstri TION OF RUBIDIUM IN THE I 

— Quantit Rb (as Rb¢ I per gm 

Part se recover stance. 
gm mem mgm 
Muscle of hind limb 50 50.0 1.00 
Liver and gall bl e 90 10.0 0.44 
and cord 28 5.00 0.18 
Blood . 50 5.00 0.10 
Contents of small intestine : + 1.00 0.25 
Ditto, large intestine and fxces . 16 0.35 0.02 
Urine (24 hours . +0 17.00 0.43 
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bari -hloride shown in the earlier papers i is ser ¥ 
barium chloride, as shown in the earlier papers in this series. The 
process of elimination may be prolonged over many days. Good 


noted the reappearance of injected lithium salt in ten minutes and 


mgm 
1.0 


a continued excretion for twenty-three days after the same single 
dose. Hanford found that czsium elimination persisted many days 
aftér-the last feeding. The protracted excretion of rubidium was 
noted in all of our experiments, and is evident in protocol II, for 
example, in which the element was still detected thirty-four days 
after a single injection. 

In considering the readiness with which rubidium was eliminated 
with the faeces in different experiments we have gained the impres- 


sion that the loss by the bowel was greater in those cases where 


Part analyzed Quantity used RbCl foun: RbCI per gm. of 
substance 
em || mgm 

( ntents of st 110 

Ditto, small intestine 15 >) 0.20 

Stoma A) 1.2 U.UO 

omail intestine 2.5 

Large intest 13 0.4 5 

Liver 130 3 5 03 

S n 1s 05 03 
Omentum 150 lrace 

S ut is fat sO ‘ 
Kidneys ( : 

Muscle eart »3 2.5 

Mu KH) 90 ) 

e, lun il Ch ; { 

Bl ly pleural exudate 0 3.5 12 
Lungs (bl \ $5 0.17 
Spinal « rd 10 Os 
Feces 3] Not 


whicl ar 


tribution of 


ment IV) sh 


mav Con 


The kaxcretion of Rubidium. 
there was some evidence of a tendency to diarrha nd t te 
were | well formed. Good has observed that 1 t 
of lithium chloride is followed by gastro-enterit t 
believes, with the excretion of the metal through t va 
This action is caused by many other substan (Sr: J He, A 
HME} climinated in the same manner. \ 
rubidium along the alimentary tract xy 
HEE ows that the contents of the stomach a t 
mummmgee tain considerable quantities of the element 
ently reabsorbed in the large intestine and thus f t 
appearance finally in the fa ~ When condition t 
rapid transport of the materials through th t tion 
is less complete (as evidenced by the soft stools) m 
excreted by this channel. (Cf Experiment III, 1. 

Where is the rubidium transferred into the sti test ? 
That it may be secreted in th iliva was not | t IV. 
This corresponds with the behavior of mai halow t ft 
alkali metals, notably lithium and caesium; wh n ts 1 
appear in this way, the ferrocyanides forming on ft tion 
It is not unlikely, according to observations of 1B that tl 
stomach wall also lective in its secretion activity t ! 
salts. In dogs with a Heidenhain-Pawlow isolat 
noted that after introduction of a considerable variet 
including strontium, into the stomach proper, only N Nal 
and morphine were secreted into the sequestered port t roa 
Rubidium has been found by us in th vall f 1 t n 
intestine and stomach Its pr nce in the content f 4 
ler indicates an elimination in the bile also, as ha 
lead, zinc, iodine, and the ferrocvanides 

Most of the ti ies participate in the temporar 
tention of rubidium, but the muscles form the « f st | 
this they surpass the lis as will be seen in Exp t IT] het 
the analysis was mad yon after the injection, a le 
ment IV, in which the animal was killed eichtee: { t 
introduction of the salt. Comparable condition found in 
Good’s experiments with lithium, the physiol t f whicl 
rubidium seems to resemble in many respect 

1 For the references t t terature th ' H y 
p. 236; also LEWIN: Loc. cit 
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FURTHER STUDIES ON THE PHYSIOLOGY 
BLOCK. THE EFFECTS OF EXTRA SYSTOLES UPON 
THE DOG’S HEART AND UPON STRIPS OF TERRA 
PIN’S VENTRICLE IN THE VARIOUS UF 
BLOCK 


INTRODUCTION. 


N a paper published in 1905 and entitled “ Nachweis der Auto- 

matie der (mit den Vorhéfen oder Vorhofresten in Verbindu 
stehenden) Kammern bzw. Verbindungsfasern des Sauget! 
herzens durch Auslosung ventricularer Extrasystolen” Hering? ha: 


10own that when the ventricles of the mammalian heart are beat 

automatically, or rather, independently, of the auricles, induced 
ventricular extra systoles are not followed by compensatory pauses. 
According to Hering the induced extra systoles either have the same 
duration as, or they may be slightly longer than, the spontaneous 


} 


ventricular cycles. This observation, when slightly modified to suit 


the conditions which, according to Hering, obtain in the whole 


ventricle, agrees with the observation of Woodworth.* The latter 
investigator studied the properties of the isolated apex of the dog’s 
heart kept beating by the method of Porter. He found that “ the 
extra contraction is followed by a shortened but variable pause.’ 
Somewhat later, Hering had the opportunity of confirming his 
above-mentioned observation after cutting the auriculo-ventricular 
bundle of His in the mammalian heart. In this later publication ?# 
Hering says,” ‘“‘ The method recently used by me to demonstrate the 
1 An abstract is paper was read before the Soci 
Biology and Medicine, on Feb. 21, 1906. 
2 HERING ( lie gesammte Physiologie, 19 
WoopwortTH: This journal, 1903, viii, p. 213. 
HERING: Archiv fiir die gesammte Physiologie, 19 
“Die kurzlich von mir angewandete Methode die 
ikularen Extrasystolen nachzuwei 


automatism of the ve 


was of gre service in the 


extra period may be shorter o 


is never compensatory 

Finally, referring to my experiments on heart 
“His results upon completely clam 
agree perfectly with the results of my experimet 
ments lack only the evidence he ventricles 
and that the conduction t ‘xcitation no 
Since Hering in thi nection has studied 
block only, he ubtless here refers 
ments which deal with complete heart 
mean to include in this criticism those parts of my experiments in 

specificaliy in his brief criticism of my experiments, 


which the block was presumably partial. Neither does Hering state 


should have been used to demonstrate the 

ventricles when the block was presumably ¢ 

may be justified in inferring from what ha 

method of induced extra systoles should 

therefore implied that, in order to prove 

beating independently of the auricles, it suffices 

extra systoles of the ventricles have approximately the same dut 


as the spontaneous ventricular cycles It should, however, again 


be added that Hering has performed no experiments to determine 
whether or not his method will serve to distinguish complete from 
partial heart block. 

The method which was used in my published experiments” to 
determine the existing degree of block, whether partial or complete, 
consisted in observing, by means of careful mensuration of tracings, 


the exact relation of auricular to vei.tricular beats. We fel 


Versuchen sehr zu statten. 
langer sein als eine normal 
“ Seine Resulte 

Hunde stimmen mit meinen Versu 
bei seinen Versuchen nur der Nachwie 
{ dass keine Erregungsuberleitung 
2 HERING: Zeitschrift fiir ex, 
p- $2. 
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were justified in concluding that the block was complete when the 


auricles and ventricles were beating with perfect regularity, with 
different rates, and with a relation to one another that was constantly 
varying; and that the block was partial when the ventricular con- 


tractions were less frequent than those of the auricles and when the 
former bore a constant sequential relation to certain of the latter. 

An estimate of the relative values of the two methods for proving 
the presence or absence of complete heart block from a study of 
tracings may be formed from the results of the experiments which 
follow. 

Since the term, compensatory pause, has been, and frequently will 
be, used in this paper it becomes essential to know just what is 
meant by the term and what is the cause of the phenomenon. By 
compensatory pause is usually understood the pause which follows an 
extra systole (usually of the ventricles) induced in the normally 
beating heart. ‘ The combined duration of the last (2. ¢., the cycle 
shortened by the extra systole) spontaneous ventricular cycle and the 
extra systole following it plus the compensatory pause is (within a 
small fraction of a second) equal to the duration of two spontaneous 
ventricular periods.”! The explanation of the compensatory pause 
now generally adopted is the following: In the normally beating 
heart the ventricle is stimulated rhythmically by the impulses which 
are conducted to it from the auricles. When an extra systole of the 
ventricle is induced the next of the regularly recurring impulses 
either falls into the refractory period of the extra contraction or, if 
it arrives in the ventricle somewhat later, it is subminimal. In either 
case it fails to elicit a ventricular contraction. Therefore the next 
auricular impulse causes the ventricle to contract. It has been 
shown that if the heart rate be reduced by cooling the sinus it may 
become possible to insert a ventricular extra systole between two 
natural ventricular contractions. In such a case there is no com- 
pensatory pause. 

In partial heart block as well as in the heart with cooled sinus, the 
ventricles beat slowly. But in the former the auricles beat with 
normal rate, whereas in the latter the rate of the auricles is reduced 
as well as that of the ventricles. It is therefore impossible to predict 
from a priori reasoning what will occur when a ventricular extra 
systole is induced in a heart with partial block at the auriculo- 
ventricular junction. This matter can be decided by experiment only. 


1 HOFMANN: NAGEL’s Handbuch der Physiologie, 1905, i, 241 


General methods. — [he various stag 
the auriculo-ventricular 
method described in previous publications. 


heart were recorded by means of tambours. It 
the movements of the right ventricle alone when 
beating vigorously, for under such circumstances tl 
the auricles, excepting those occurring during ven 


send distinct waves into the ventricles. When tl 
auricle 


duction shocks either of th ight ventricle 
In a few experiments the indi ion shocks wer 


tissue included in the grasp of the heart clamp. 


I 


+ 


stimulation was recorded by means of a signal inserted 


circuit. The time was recorded in fifths of seconds. 


Eight new experiments have been performed 
quite protracted so that, as in the earlier experimen 


} 
n ovpservation over al 


tunity was afforded of repeating ea 
in the same and in different experiments 

The reaction of the heart with complete block at the auriculo-ven 
tricular junction to induced extra systoles 
tricular extra systoles. — Une 
that the rest f the writer confi 


by Hering. 1 extra systoles ot 


pensatory. They may be a » longer or shorter 


cycles but the differences rarely if ever exceed one 
(see Fig. 1). 
b. On the pro tion of extra impulses* tho 
tricular junction. As we have already stated elsewhere, 
mation of Hering’s observations, extra systoles of th 
ventricles never elicit corresponding contractions of the 
chambers when the block is complete 
The reaction of the heart with partial block at the auriculo-ventricular 


junction to induced extra systoles. a. |’eutricular extra systoles 


The impulse referred to he 


sweeps through the heart tissue with 
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Foseph Erlanger. 
The duration of ventricular extra systoles! in 
partial block, too, as a rule differs but little from 
that of the ventricular cycles determined by the 
auricles. The extra period may be a trifle longer 
or shorter than the uninfluenced ventricular 
cycles but practically never are they compen- 
satory. This result finds a simple explanation 
in the obvious tendency for the same number 
of auricular beats to intervene between the extra 
contraction and the next uninfluenced ventric- 
ular contraction, as intervene between any two 
uninfluenced ventricular contractions. For ex- 
ample, if in a heart with a partial block with a 
3:1 or 4:1 rhythm (Figs. 2 and 3) a ventric- 
ular extra systole is induced in any phase of the 
cycle, the next following ventricular systole will 
be caused by that auricular systole which will 
give to the ventricular extra period a duration 
which approximates most closely that of three 
or four auricular beats, respectively. In this 
there is some variability but the variations are 
in most instances due to an instability of the 
block at the time the extra systoles are induced 
Thus in a heart that is slowly recovering from a 
complete block and in which, for example, the 
rhythm is 3: 1, extra systoles induced in differ- 
ent stages of the recovery may give the follow- 
ing results: When the extra systole is induced 
shortly after recovery from the higher stage of 
block it may rarely result in a temporary return 
to the preceding stage of block (Fig. 4); but 
usually the extra period is longer than three 
auricular beats by such part of an auricular beat 
as may have been unfinished at the moment the 
extra systole was induced. But when the extra 
systole is induced shortly before the rhythm 
changes to 2:1, the extra systole will usually 
be shorter than three auricular beats by an 
amount equal to such part of an auricular cycle 
as may have been completed when the extra 


1 The terms extra systole, extra cycle, and extra period 


are used interchangeably in this paper 
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systole was induced (Fig. 2; also Fig.5). To any stage between the 
two instanced the general rule mentioned above applies. 
It is therefore obvious that the average duration of ventricular extra 


systoles induced in any stage of partial block will exactly equal that 
| y eq 


ot seconds. 


of the ventricular cycles determined by auricular impulses. When 
we are dealing with high degrees of partial block (3:1 or over) in an 
animal with a rapid heart rate (in the dog the heart rate often ex- 


ceeds 120 per minute), the duration of the extra systoles differs so 
little from that of uninfluenced ventricular cycles that no conclu- 


auricle. 


sion can be drawn as to the degree of block, whether partial or com- 
plete, from a study of the duration of ventricular extra systoles alone. 
In such a case the decision can be reached only by means of a study 
of the, relation of ventricular to auricular contractions (see Fig. 6). 

b. The propagation of extra impulses over the auriculo-ventricular 
junction. —a. Ventricular extra systoles. — In recent experiments au- 
ricular contractions have never been caused by impulses of ventricular 
extra systoles induced in any stage of partial block. That the im- 
pulses of ventricular extra systoles rarely if ever pass the auriculo- 
ventricular junction in partial block is indicated by the fact that 


] URE 4 Four-fifths t origina Ventricular extra syst partia 
block shortly after the rhythm has unged from 4:1 to3: 1 ( lim fif 
\ 
V 
FIGURE One-half tl I size Ventricular extra s indu partia 
block while the rhythm is 2:1 shortl efore the iythm becomes 1]: ] 
A nm ventricle rime in fifths of seconds, 
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rhythmic stimulation of 

fects neither the rat 

the auricles.! 

3. A viva loles ()ccasion- 
ally the impulses of induced auricular extra 
systoles may elicit ventricular con 

This occurs, however, only when 

duced systole immediately precedes 
spontaneous auricular contraction which 


would have stimulated the ventricl 


es (Figo 


/ 
place when the heart is about to pa 


). This phenomenon is more 

a lower stage of partial block than when 
the block is stationary. It is nicely ill 
trated by those experiments in 

ing partial block, the rate of the 

increased by artificial means. 

of block has just developed trom 

one, the auricular acceleration, 


great, will be associated with 


the former stage of block; 
] 


is about to pass into a lower stage then, 


the degree of block is not changed, the ve 
tricular rate will be increased considerab] 
by the acceleration of the auricles.” 

c. The influence of indu 


extra systole S upoi th 


sequence. — During recovery from complete 
block and shortly after the heart has fallen 
nto any stage of partial block, an auricular 
extra systole may caus? a temporary reve! 

sion to the next higher degree of partial 
block (Fig. 8). This effect is most com- 
monly seen where the extra systole just pre- 
cedes the spontaneous systole that would 
have elicited a ventricular contraction, 
and it may last through several ventricu 


lar cycles. 
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On the other hand it not infrequently 
induced extra systole has no immediate 
rate, it may have a late effect, presumably through th 
auricular rate which not infrequently 
systole. It was shown by 
auricular extra period may be consider 
auricular periods and that occasionally, after st 
the normal auricular period luall 


several auricular cycles 


block a lowe 


partial heart 
result of it (for example a 2:1 froma 
2:1 rhythm, Fig.g), and may persist until 
normal, or, rarely, it may even last some time 
ally, however, an auricular extra systole is followed 
diminution in the degree of block where no after 
auricular rate is detectable. 

But whatever may be the reaction of the 
extra systoles induced during partial block, this reaction 
invariably suffices to distinguish the partial block from complete 
block. For whether or not the auricular extra systoles induce 
ventricular contractions, they usually alter the regular sequence 
auricular beats and therefore of the ventricular 
variations from the normal of such altered ventricul 


not much greater than the variations which result from ventricular 


extra systoles. But since in complete block auricular extra systoles 


have no effect whatever upon the durati ventricular 


small variations which are seen 
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the latter from the former. Asa rule the distinction between com 
plete and partial heart block may easily be made by the measurement 
of tracings. Occasionally, however, the ventricular rate in complete 
block may be an aliquot part of the auricular rate over long intervals 
of time, and in such instances the ventricular beats may so follow the 
auricular beats as to appear to be caused by them. In these rare 


instances induced auricular extra systoles may serve to unmask the 


t 


complete block, since they will disturb the relation of the auricular to 


the constant ventricular beats. But in this connection it should be 
recalled that under certain conditions, one of which was mentioned 
above, an auricular extra systole may momentarily increase the exist- 
ing degree of block and it might, indeed, in the experience of the 
author, it has, changed a partial block of the 3: 1 type momentarily 
into complete block. In such a case the rapid return to the 3:1 
relation would usually suffice to prove that the block had previously 
been partial. 

The effect on the auriculo-ventricular sequence of varying the auricu- 
lar rate during partial heart block. —In another place! it has been 
shown that by increasing or diminishing the auricular rate during 
partial heart block the degree of block may be increased or dimin- 
ished, respectively. One of the effects of increasing the auricular 
rate, namely, a change from partial to complete block with stoppage 
of the ventricles, is shown in Fig. 10. There are two possible expla- 
nations of the development of the complete block under these 
circumstances : 

1. It might result from fatigue of the auriculo-ventricular bundle, 

2. It might result from a diminution in the strength of the auricu- 
lar impulses started in the more rapidly beating auricles. 

In regard to the first suggestion, it was assumed in an earli 
communication, not without question, however, that fatigue is the 
cause of the development of complete block under these circum- 
stances. But if the auriculo-ventricular bundle possesses the same 
properties as other heart muscle (see later), this suggestion cannot 
stand. Indeed, recent experiments indicate that fatigue is not the 
cause of the development of complete block under these circum- 
stances. If, as may be seen in Fig. 10, an auricular cycle of approxi- 
mately normal duration be interposed in a series of accelerated 
auricular beats, the ventricles, which have been in stoppage, will at 
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once respond to it with a contrac 

the stoppage of the ventricles had 
the result of fatigue of the auriculo-\ 
tricular bundle it does not seem | 
that the bundle would have recovered 
ficiently during one normal, or slig| 


prolonged, auricular cycle to have 
mitted of such a prompt return to 
stage of block which had preceded 
cular stimulation. It should however 


+ 


mentioned that in experiments of this 


+ 


it occasionally happens that the stoppage 
of the ventricles persists for some time 
after the auricles have been permitted 
resume their normal rate. I 
reasons for believing 

pends, not upon fatigue, 

an accident of the experiment. 

lieve that the distending ventri 

the clamp into a _ position 

pulls upon the ti 

grasp and thus 

upon the bundle. 

On the irritability of the ventricles in 
different stages of heart block Before a 
satisfactory explanation can be offered 
of the cause of partial heart block it will 
be necessary to know what effect, if any, 
compression of the auriculo-ventricular 
bundle may have upon the irritability of 
the ventricles. The relative irritability 
of the ventricles in the various stages of 


partial and in complete block was there- 


fore determined, and by the following 
method: The lever of the tambour which 
recorded the movements of the ventricles 
was arranged in such a way that it opened 
a primary circuit practically at the mo- 
ment it returned to its position of rest. 
The ventricles, which were connected in 
the secondary circuit, therefore received 
a break shock practically at the end of 
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the phase of relaxation. The stimulus was therefore received in the 
same relative position of the cycle in all stages of block. 

Such experiments have shown conclusively that the irritability of 
the ventricles is not lowered by increasing the degree of block. In- 
deed, as a rule, the irritability increases slightly but definitely. Thus 
it may be seen in the following table that, as the degree of block in- 
creases, the strength of the minimal stimulus decreases slightly. It 
is interesting to note that this change in irritability apparently is 
gradual. Thus the irritability increases slowly when the rhythm 
changes from 1: 1 to 2: 1 and diminishes slowly when the change in 
rhythm occurs in the other direction. 

Does the irritability of the ventricles in heart block increase during 
each cycle ? — It has been conclusively shown in the beating heart of 
cold-blooded animals that the irritability of the heart muscle increases 
more or less regularly between contractions. If this occurs in the 
heart of warm-blooded animals too, we should expect it to be easy of 
demonstration in the ventricles during complete block since in this 
condition the ventricular cycles are quite protracted. In order to 
determine whether or not the irritability does so increase, the follow- 
ing method was first used: Essentially, an attempt was made to find 
unipolar induction shocks of such a strength that they were subminimal 
at the beginnings of the cycles but became efficient stimuli as the 
ends of the cycles were approached. The stimuli were applied to the 
right ventricle. This method proved to be unsatisfactory. For it 
was found that within a range of less than 1 mm., with the secondary 
coil at a distance of 16 cm. from the primary, it was possible to find 
stimuli which were subminimal or which were effective in almost 
every part of the cycle. It is obvious that results obtained by such a 
method could be conclusive neither one way nor the other. As a 
matter of fact, by this method extra systoles were often obtained 
early in a cycle when, with the same strength of stimulus, contrac- 
tions could not be elicited near the close of acycle. In explanation 
of such a result we would suggest that an extra systole induced early 


in a cycle may reduce the irritability of the ventricles for some time 


thereafter. 

In other experiments rhythmic induction shocks at the rate of about 
1 in .3 seconds were sent through the tissue included in the grasp of 
the heart clamp. The position of the secondary coil was varied until 
an effect upon the rhythm of the ventricles first became perceptible. 
Analysis of tracings obtained in such experiments made while the 
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by one of the rhythmically repeated induc- 
tion shocks (see Fig. 11). It is therefore 
more than probable that the irritabilty of the 
ventricles increases during each cycle after 
the completion of systole.! The most con- 
clusive results have been obtained with the 
heart in complete block, but there is no 
reason for believing that the same changes 
in irritability do not occur in partial block as 


well.* 


The influence of subminimal stimuli upon 
the rate of the ventricles in complete block. 

-Von Basch® has shown that subminimal 
induction shocks increase the irritability of 
the quiescent cold-blooded heart. For ex 
ample, this investigator found that a stimu- 
lus which was subminimal when repeated at 
long intervals, excited the heart when it was 
repeated at shorter intervals. For reasons 
which will be given later it is important to 


know if subminimal stimuli will increase the 


only. 
shown that 
itability of the vet 
earance of the refract 


had ne 


nvestigators nt 


demonstrating 


suming that tl 


n shocks thrown it 


ally res] onded to one 
uction shocks which otherwise would 
been subminimal. But we think this was not 

case because we have not been able to increase 
spontaneous rate of the independent ventricles 
subjecting them to the action of subminimal stimuli 
(see below). 
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passed through a rotating switch by means of whi 
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to the other. A piece of rubber dam suspended fro 

served to insulate the conti 


uous surfaces of the stry 


muscle and clamp were mounted in a moist chamber, but, as an 
ditional precaution, the strip was moistened from time to time with a 
modified Ringer's mixture containing sodium chloride, 0.7 per cent, 
and calcium chloride, 0.025 per cent. None of the strips devel 
spontaneous rhythm within the time of an experiment. 

For the sake of convenience in description, that end o 
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contracting rhythmically, will be called the auricular end of the strip, 
or simply auricle; and the other or following end of the strip will 
be called the ventricular end, or simply ventricle. The junction of 
the two ends, of course, lay between the jaws of the heart clamp 
By careful regulation of the pressure exerted by the clamp upon the 


1 readily be obtained. 


strip any degree of block cou 


In this series of experiments the time was marked in seconds. 
The moments of stimulation of the ventricular end alone were 
recorded. 

The results obtained upon suddenly reversing the direction in which 


the strip is made to beat. — With a strip prepared in the manner 


Rev 


URE 12. — One-third the original size. Showing one of the etfe 
direction in which a heart strip in partial block is made t 
of the beat was changed at the places marked ‘ Rev.” Time in seconds 


small waves on the upper curve re caused by interference of the levers 


described it is possible to parallel practically every result that has 
been obtained in experiments on heart block in the dog. But before 
detailing these parallel results it will be necessary to describe the 
results obtained upon suddenly interchanging the auricular and ven- 
tricular ends of a strip. A result which may occasionally be obtained 
at the beginning of an experiment is illustrated in Fig. 12. In this 
figure it may be seen that, regardless of the direction in which the 
strip is made to beat, the degree of block practically remains the 
same. At the beginning of the figure the rhythm is 3:1. Upon 
reversing the direction of the beat the rhythm remains 3:1. At the 
second reversal there is one cycle of 4: 1 and then 2 of 2: 1 where- 
upon the direction of the beat is again reversed. With this reversal 
the rhythm remains 2: I. 

This is the result which we should upon a priovz grounds expect to 
obtain in experiments of this kind. But we were surprised to find 
that in a vast majority of the experiments the degree of block 
changes with the reversal of the direction in which the strip is made 
to beat. Thus when the rhythm is 1:1 with the strip beating in 
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electrical stimuli are employed (see below), the contraction wave 
will traverse the entire strip in both directions. But under such 
circumstances the delay in the response of the unstimulated half of 
the strip is always greater when the wave is travelling in the direc- 
tion in which the block had been complete or partial than when 
the wave is travelling in the opposite direction. This phenomenon, 
namely, the transmission of the contraction wave through the block 


URE 14. — Two-thirds the original size. Ventricular strip. The strip is beating in 
the direction in which the block is complete (when the direction of the beat was 
reversed the rl became 1:1). Mechanical stimulation of A elicits an extra 
contraction of A but the impulse does not affect V. But effective mechanical stimu 


lations of V elic yntractions of A. Time in seconds. 


more rapidly in one direction than in the other, is seen to best advan- 
tage when the direction in which the strip is made to beat is re- 


versed almost immediately after the block has disappeared. Thus it 


may be seen in Fig. 15 that the interval between the contractions of 


the two halves of the strip is longer when the wave travels in the 
direction in which the block had previously manifested itself than 
when the wave travels in the opposite direction. 

When electrica] extra stimuli are employed, the results obtained 
may not be exactly the same as those described above. Thus in 
some ‘experiments in which the rhythm was 2:1 or in which the 
block was complete, an extra make shock or combined make and 
break shock thrown into the auricle often would cause the ventricle 
to contract despite the fact that every other, or none, of the rhythmi- 
cal break shocks which were serving as auricular stimuli re- 
sulted in a contraction of the ventricular end of the strip (see 
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Fig. 13). There can be no doubt but that here the impulse ge 
ated by the make was stronger or, at least, more efficient than 
of the break. It is interesting to note that in these instances 
height of contraction of the end of recei\ t] 
stimulus was practically the same for both make and bi 


when they fell into the same phase of the auricular ¢ 


downwar 


nnected 


observation indicates that although an 
elicit a maximal contraction, the impu!se whi 
thé muscle may vary with the strength of the st 
In this connection it is also interesting to note 
block is partial or when the partial block has 
1: 1 rhythm, a Jow auricular wave may occasional 
a contraction of the entire strip. This is illustr 
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of the writer, of but one interpretation, namely, that 
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that the irritability of the following half of the strip may play a part 
in this reaction, although there is no reason for believing that in 
the experiments quoted above irritability is of more than minor 
significance. This becomes perfectly evident when it is recalled that 
the rhythmic beats of the auricular end of the strip as well as extra 
beats of mechanical origin may not cross a block, whereas under the 
same conditions extra contractions of electrical origin may cross; 


+ 


and that occasional low contractions of the auricular may fail to elicit 


contractions of the ventricular end, whereas the higher waves of 
contraction as a rule cross the block. 


The difference in the interval between the contraction of the two 


ends of the strip seen where the strip beats from end to end in both 
directions, but more readily in one than in the other, probably 
depends upon at least two factors: 

The weaker impulses may travel more slowly than the stro1 

6. The latent period of contraction may be longer with feeble 
with strong impulses.! 

The bearing of these observations upon some of the phenomena of 
the normal heart beat will be considered on a later page. We now 
shall return to a consideration of the behavior of a strip of ventricular 
muscle with a partial block toward extra stimull. 

Irom what has been said before it is evident that whether or no 
extra contraction will pass through a block will depend upon 
strength of the impulse generated in relation to the degree of block. 
Of this therefore nothing more need be said than that with proper 
choice of stimulus and degree of block it is possible to obtain a strip 
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When the auriculo-ventricular bundle is gradually compressed a 
stage of partial block is soon reached in which the rhythm is 2: 1. 
The irritability of the ventricles is not reduced by compression of the 
bundle, but it must be assumed that the strength of the auricular im- 
pulse which reaches the ventricles is thereby reduced. Presumably 


the strength of the impulse is reduced by such an amount that the first 
one which falls into the ventricles after they have contracted is sub- 


minimal and the ventricles do not respond to it. Therefore the 
irritability of the ventricles, which have failed to respond, continues 
to increase. The next auricular impulse is no stronger than was the 
preceding one, but it is no longer subminimal for the ventricles in 
their heightened state of irritability and they therefore respond with 
a contraction. With this contraction the irritability of the ventricles 
falls to zero and an interval of time equal to somewhat more’ than one 
auricular beat must again elapse before the irritability of the ven- 
tricles reaches the level at which the weakened auricular impulse will 
again become efficient. Higher degrees of partial block may be ex- 
plained in the same way. In them the impulse which affects the 
ventricles is still further reduced in strength; and an interval longer 
than two, or three, or more auricular beats must elapse before the 
irritability of the ventricles rises to the level at which the enfeebled 
rhythmic cardiac impulse becomes an efficient stimulus. <A glance at 
the accompanying diagram (Fig. 19) will serve to make this clear. 
In this diagram, curve I represents the contractions of the auricles 
(Ar, A2, etc.) and ventricles (V1, V2, etc.), and curve II, the assumed 
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pulse now being weaker than in the earlier cycles, the latent period 
of the ventricles is longer. The line representing the impulse of 
A’'4 falls short of the curve of ventricular irritability. The ventricles 
therefore do not contract, and their irritability continues to increase 
during the rest and reaches a level at which the next auricular im- 
pulse (A5), although somewhat feebler than the preceding one, be- 
comes efficient. The intersystolic period may now be shorter than 
that of the last 1:1 cycle, because the increase in the irritability of 
the ventricles may more than compensate the decrease in the strength 
of the impulse. This is the condition which obtains in partial block 
with a 2:1 rhythm. In the next ventricular cycle (V5) the condi- 
tions.(excepting a further reduction in the strength of the auricular 
impulses) remain practically unchanged. The ventricular cycles 
marked V6 and V7 are drawn to show the mechanism of the 3:1 
rhythm. And finally cycles V8, Vo, and Vio illustrate what prob- 
ably happens when the auricular impulses which reach the ventricles 
are too feeble to act as efficient stimuli. The ventricles then do not 
beat until their dormant inherent rhythmicity develops sufficiently to 
cause them to beat independently of the auricles. They will then 
begin to beat, slowly at first, but with a rate which gradually in- 
creases until the comparatively slow rate of the ventricles in com- 
plete heart block obtains. This represents the state of affairs in 
what has been termed relative complete heart block. When the 
auricular impulses can no longer pass the injured ,area in the 
auriculo-ventricular bundle the block becomes absolute.! 


A review, in the light of this theory, of some of the observations 
recorded in this paper and in previous papers of the author on heart 
block, and of some other observations on the phenomenon of conduc- 
tion across the auriculo-ventricular junction will now be given. 

1. It has been shown that a ventricular extra systole induced in 
any stage of partial block has approximately the same duration as the 


1 It should be noted that it is not necessary, in order to explain the phenomena 
of heart block caused by a reduction in the conductivity of the auriculo-ventricular 
bundle, to call upon any other of the properties of heart muscle than those which 
have been considered above. In most other explanations of heart block the 
greatest stress has been Jaid upon a supposed increase in the refractory period at 
the seat of injury (See HOFMANN: Loc. cit., p. 255). The attempt made by the 
author to explain his results upon this assumption soon led him into insuperable 
difficulties. It will not be possible to enter into a consideration of these difficulties 


here. 
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uninfluenced ventricular cycles of the same stag 
sult may be explained by the fact that 
the irritability of the ventricles to zero, and that 
interval of time must elapse in order that the irritabilit 
tricles may again increase to the level at which the auri 
become efficient as must elapse after the ventricles have 
lated by the normal impulse 

2. The development of partial or complete block when t 
rate is increased may be accounted for in part by the di 
the strength of the auricular impulses, which presumably is asso 
with the shortening of the period of rest, and in part by the f 
more of the impulses fall into the ventricles before their 
reaches the level at which the impulses of the normally be 
cles would have become efficient stimuli. 


3. Stimulation of the vagus nerve sometimes causes 


develop at the auriculo-ventricular juncti ‘the normal 

on the other hand, stimulation of this nerve durii 

may remove, or diminish the intensity of, the blo 

perimental evidence that stimulation of the 

reduces the irritability of the ventri 

transmission of impulses across the auriculo-ventricular j 

is, however, certain that vagus stimulation diminishes the 

strength of auricular beats. In the light of these results a si 

planation of the facts stated above can be made. 

under certain circumstances the strength of the auricular 

the normal heart might be reduced by such an amount by \ 
rn 

ulation that an interval of two or more auricular beats mu 

between each ventricular contraction in order that the 


the ventricles may rise to a level at which 


1 The literature of this subject 
of experimental medicine, 1897, 
ment is found: “In a number 
the vagus nerve), however, the \ 
of the auricle was but slightly affected.” 
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impulses can act as efficient stimuli. A partial block would, there- 
fore, result. And it is conceivable that in partial heart block the 
rate of the auricles may be reduced ,by vagus stimulation to such an 
extent that, despite any reduction in the strength of the impulses, a 
smaller number of auricular beats than normal will elapse in the 
interval during which the irritability of the ventricles rises to the 
level at which the auricular impulses become efficient stimuli. The 
existing degree of block would, therefore, be reduced. 

4. It was hoped that this theory would lead to an explanation of 
the fact that in Stokes-Adams disease an increase in the auricular 
rate, when the heart block is presumably of the relative form, always 
precedes, or at least, is synchronous with, the onset of stoppage of 
the ventricles.' In explanation of this association it might be sup- 
posed that in the relative form of heart block the part of the auriculo- 
ventricular bundle which is just below the seat of the injury is the 
most rhythmical part of the ventricles and therefore determines their 
inherent rate. And in the relative form of complete heart block it is 
probable that subminimal auricular impulses constantly arrive in this 
part of the auriculo-ventricular bundle. The question therefore sug- 
gested itself, Might not variations in the strength of such subminimal 
impulses affect the rate of beat developed by the rhythmical centre of 
the ventricles? But we have been able positively to influence the 
rate of the ventricles in complete block by subminimal stimulation of 
neither the right ventricle nor of the tissue included in the grasp of 
the clamp. This question, therefore, still remains an open one. 

5. We wish also to refer briefly to the light which the experiments 
on strips of ventricle of the terrapin shed upon the relative strengths 
of impulses of auricular and ventricular origin. In the case of the dog 
it has been shown that in partial heart block an auricular extra systole 
may elicit a contraction of the ventricles if the extra systole occurs 
shortly before the auricular contraction which would have caused the 
ventricles tocontract. But in recent experiments we have never seen 
a premature ventricular contraction elicit a contraction of the auricles 
in partial block. In the opinion of the writer these observations are 
readily explained upon the assumption that impulses of ventricular 
origin are weaker than those of auricular origin. Upon this assump- 
tion it is also possible to explain the fact that in the normal heart 
conduction of the retrograde impulse through the auriculo-ventricular 


junction is less rapid than the conduction of the normal impulse.* 


1 ERLANGER: Journal of experimental medicine, 1905, vii, p. 710 
2 STASSON : Loc. cit 
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6. In conclusion attention should again be call 


it is possible to simulate by appropriate treatment of a strip 


tricular muscle of the terrapin, all of the phenomena of condu 


(normal and abnormal) through the auriculo-vent 
the warm-blooded heart. It is therefore justifiable 
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NOTE ON EQUILIBRIUM IN SOLUTIONS 
OF PHOSPHATES. 


By LAWRENCE J. HENDERSON 


From th 


AM greatly indebted to Dr. Otto Folin for the information that 
Friedenthal’s observation upon the reaction of mono-sodium phos- 
phate with methyl orange is incorrect. In his elaborate investigation 
of the relation between the hydrogen ionization of solutions and their 
behavior to indicators, Friedenthal found that a decinormal solution 
of mono-sodium phosphate colors methyl orange red orange.! 

I have convinced myself in accordance with Folin’s statement that 
both mono-sodium and mono-potassium phosphate are absolutely 
neutral to methyl orange, and that a fraction of a per cent of free 
phosphoric acid must be mixed with them in order to obtain an acid 
reaction with that indicator.* 

In accordance with this fact it is obvious that the behavior of urine 
to methyl orange does not prove that disodium phosphate and similar 
salts must be there present, but only that phosphates in the urine 


can hardly pass that degree of acidity which is characterized by the 


presence alone of monobasic salts of phosphoric acid. 

I wish to point out that the new facts which I have presented con- 
cerning the influence of temperature upon the titratiable acidity of 
urine and of phosphate solutions do not at all affect comparative 
results obtained with the aid of Folin’s improved method for the 
detetmination of urinary acidity,’ provided that his directions for 


1 FRIEDENTHAL: Zeitschrift fiir Allgemeine physiologie, 1904, iv. p. 56. 

2 This fact arouses grave doubts of the accuracy of the determination of 
hydrogen ionization in phosphate solutions reported by Friedenthal. Careful 
determinations of hydrogen ionization in solutions of NH,PO, + K,HPO, are now 
being conducted in this laboratory. 

§ FoLIn: This journal, 1903, ix, p. 265. 
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Thus many observers consider that the cations which are present are 
the effective agents in arousing the “inner stimulus ” ; others are in- 
clined to attribute this function rather to the anions. The differences 
of opinion among those who look upon the cations as of superior im- 
portance are confined chiefly to the question of the relative influence 
of the sodium and calcium ions, it being generally recognized that 
potassium ions tend to inhibit activity. Loeb! and his followers 
have espoused the cause of sodium, basing their view upon the seem- 
ing impossibility of arousing strips of ventricle to spontaneous rhyth- 
mic activity unless some sodium salt is brought in contact with the 
tissue. Howell! and his adherents, on the other hand, while not 


denying the great importance of sodium ions, have been inclined to 
li 


assign equal if not greater importance to the calcium ions; the chief 
fact upon which this idea is based is that treatment with precipitants 
of calcium abolishes all possibility of rhythmic activity, and no pro- 
cedure restores it except addition of more calcium. Those observers 
who emphasize the importance of the anions have been led to do so 
by observation of the very unequal effects produced by different salts 
of the same metal, as for example the chlorides and bromides of 
sodium and calcium. Among German physiologists there has been 
recognition of the essential parts played by the inorganic blood salts 
in normal heart activity, but the specific assumption of Howell, which 
assigns to these substances the arousing of the “inner stimulus,” has 
not found favor among them. Langendorff,? in a recent paper, 
reiterates the view proposed earlier by himself and supported by 
Engelmann, that the true source of the “inner stimulus” is to be 
found in the products of the heart’s own metabolic activity: ‘“ Das 
Lebensprodukt der Zelle ist ihr Erreger.” He maintains that 
Howell’s assumption has not been proven to be correct, and considers 
his own view more in accordance with a just conception of cell 
physiology. In this same paper Langendorff emphasizes the essen- 
tial importance of the blood salts, but makes no attempt to assign to 
them specific functions. 

The demonstration of the influence of the inorganic blood salts on 
the heart-beat suggested at once the probability that the activities of 
other tissues are affected also by these same substances. Biedermann 
was the first to call attention to the fact that skeletal muscle tissue ex- 

' For references see LANGENDORFF: Ergebnisse der Physiologie, 1902, pt. 2, 
p- 264; also MARTIN: This journal, toc i 

* LANGENDORFF: Ergebni 
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substances which he postulates for skeletal muscle, although in many 
respects closely similar to that which he designates as the second 
contractile substance. Guenther’s conclusions seem to the author to 
be the most logical ones which can be drawn from the facts at hand, 
provided one accepts the view that the salts are the source of the 
“inner stimulus.” 

The author was led to undertake this study through his observation 
of certain phenomena which occurred in connection with another in- 
vestigation, and which seemed not altogether in accordance with the 
belief, previously held by him, that Howell’s assumption as to the 
function of the blood salts is the correct one. It was determined, 
therefore, to attempt the task of bringing together in compact form al 
the significant data bearing on the problem of the function of the blood 
salts, and to inquire whether they can be better interpreted according 
to Howell’s assumption or that of Langendorff. Should it appear 
that Langendorff’s position is the stronger it would then be in order 
to re-examine those having to do with the influence of salts on heart 
and skeletal muscle in the light of this viewpoint, with the hope that 
some new suggestion might be forthcoming as to the nature of thei 


i 


influence on these tissues. 


THE VeENOouS END OF THE HEART AND THE “ INNER STIMULUS.” 


It has long been established that the normal stimulus for the heart 
beat arises in the tissues of the venous sinus. The most generally 
accepted view at the present time, and the one which seems to be 


strengthened more and more as investigation proceeds, is to the effect 


that this stimulus in vertebrates arises in certain of the muscular 
elements of the region. Gaskell! has suggested that these particular 
parts of the tissue remain throughout life in what is practically their 
embryonic condition, preserving as one of their inherent qualities the 
essentially embryonic trait of rhythmicity. Inasmuch as the normal 
stimulus for the heart’s activity arises in the tissues of the sinus, it 
is evident that if the salts are the effective agents in arousing this 
stimulus their influence must be exerted at that point, so that direct 
evidence as to whether or not the salts do so function must be sought 
through studies of the sinus itself. Investigations into the reactions 
of other heart tissues with salts, ventricular strips for example, are to 
be looked upon as furnishing only indirect evidence in regard to this 


' GASKELL: Schafer’s Text-book of Physiology, 1goo, ii, p. 15 
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that this procedure would not tirely conclusive data as to the 
behavior of sinus tissue under the conditions studi 

nevertheless, that inasmuch as the auricle is closely related physiolog- 
ically to the sinus, observations of the combined behavior of sinus 
and auricle under any given condition could be looked upon as indi- 
cating the probable behavior of the isolated sinus under correspond- 
ing conditions. It is, however, desirable to check the results obtair 
by this method with observations upon strips of vena 

were studied by Howell. Two strips of tissue from tl 


were used; both were immersed in normal Ringer's 


chloride 0.7 per cent, calcium chloride 0.026 


ne batns 


chloride 0.04 percent); through one of t 


air was kept bubbling. The results of a particularl 


periment were as follows: the sinus auricle strip immersed in 
solution, through which no air was bubbling, continued 
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night and was not discovered for five hours. No evil results followed 


g 
the withdrawal of the bath, however, for when first observed the strip 


was beating better than it had been when the liquid drained away 


The vessel was at once refilled with Ringer’s sol 


air was passed as betore. The strip continued to beat, again with 


gor, for twelve hours, when the air supply 


eradually diminishing vi 
gradually shing vi 


was cut off; in five minutes the height of contraction as registered on 


the kymograph fell from two millimetres to less than one-half mi 


metre. During the next thirty-six hours the strip remained alive, 


executing feeble beats which barely show on the record; the Ringer's 
solution was then drawn off, and within fifteen minutes after the ex- 
posure to the air the strip had resumed beating with sufficient vigor 
to give a height of contraction on the record of four millimetres. A 
fresh Ringer's solution was at once brought around the strip and ai: 
passed through it in the usual way; the gradually diminishing series 
continued this time for ten hours, after which the strip gave no more 
visible beats. Of the eighty hours during which the strip remained 


alive after isolation thirty-nine were in Ringer's solution through 
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lations of venous tissue to the blood salts so far as they are at present 
known. In the first place, inasmuch as such tissue continues to beat 
for a considerable time, twenty-four to thirty hours, when isolated 
from the body and left entirely without treatment, it is evident that 
it contains within itself all the conditions necessary for rhythmic 
activity, including the source of the “inner stimulus.” If, however, 
venous tissue is to be immersed ina liquid, and rhythmic activity 
maintained, it is necessary that the bath contain sodium and calcium 
salts in about their proportion as found in serum, and desirable that 
a small proportion of a potassium salt be also present; it is also es- 
sential, if vigorous contractions are to continue for any length of time 
in such a solution, that sufficient oxygen for the needs of the tissue 


be supplied. A deficiency of oxygen may, however, be largely com- 


pensated by increasing the concentration of the calcium salt in the 


> 


bath. It appears to be true that venous heart tissue will remain 
irritable after isolation several times longer in a suitable inorganic 
solution than it will in moist air —in the author's experiments eighty 
hours in the one case, and thirty in the other — but it seems to be 
equally true that this tissue is not in its best condition for activity in 
the most favorable inorganic solutions, inasmuch as transfer from such 
a bath to moist air is nearly always followed by improvement in beat 
It should be borne in mind that an environment of air is much more 
foreign to the tissue than is a Ringer's solution, so that the earlier 
cessation of irritability in the former case is not necessarily proof that 
the salts of the solution are positive agents in preserving irritability. 
Finally, the presence within the tissue of soluble calcium salts has been 
shown to be essential to the existence of rhythmicity. While these 
facts are undoubtedly in harmony with Howell’s assumption, they are 
equally so with that of Langendorff, inasmuch as they prove nothing 
more than he freely admits, namely, that certain of the blood salts 
are in some way necessary to activity. If, as Langendorff claims, his 
position is logically the stronger, and the burden of proof rests with 
the believers in Howell’s theory, it must probably be granted that so 
far as the venous part of the heart is concerned the evidence thus far 


advanced is inadequate for the establishment of the latter. 


THE VENTRICLE AND THE “ INNER STIMULUS.” 


When the venous part of the heart was under consideration a tissue 
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function is not a direct stimulation, by the observation that a freshly 


isolated strip of ventricle immersed in % sodium chloride saturated 
with carbon dioxide begins to beat automatically without any latent 
period whatever, other than the brief one which is consumed in pre- 
paring the strip.! The contractions which are given in a carbon 
dioxide-saturated saline are feeble, not more than one-third the nor- 
mal height, and exhaustion comes on rapidly,” but if after the first 
half-dozen beats a stream of air be passed through the solution the 
extent of contraction will shortly increase and a typical series can be 

under way within three or four minutes after the first immer- 
sion. The author is unable to suggest for this phenomenon any 
better explanation than the assumption that the solution saturated 

arbon dioxide exerts a directly stimulating influence upon the 
tissue, such as ordinary saline solution does not exert. This assump- 
tion is supported by the additional observation that passing a stream 
of carbon dioxide into a sodium chloride solution, in which is a strip in 
its latent period, is followed promptly by rhythmical contractions, no 
matter at what stage of the latent period the gas is introduced. This 
prompt response to a carbon dioxide-saturated saline resembles a 
direct stimulation effect much more markedly than does the response 


+ 


to treatment with calcium, where even under the best conditions 
there is a latent period of several minutes. The author has always 
found difficulty in reconciling the occurrence of this latent period 
with a conception which makes calcium a source of direct stimulation ; 
to a still greater degree has this difficulty presented itself in connec- 
tion with arguments in favor of the directly stimulating influence of 
sodium ions. In order to explain the delayed response it has been 
necessary to assume, as Howell did, an inhibitory influence of some 
sort, which must be overcome before the stimulating agents can 
produce response. Inasmuch as treatment with carbon dioxide-satu- 
rated saline is followed by immediate activity, whatever inhibitory 
agents may be present in the tissue are evidently not in such condi- 
tion as to interfere with the effectiveness of this stimulant, and it is 
therefore fully as reasonable to suppose that the slow response to 
calcium and sodium is due to the fact that they are not direct stimu 
lants, as that their stimulating action is held in abeyance by an in- 
hibitory agent 
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which come up for discussiot der this head 

f the “ initial standstill” and the part played by 

ns in arousing the tissue to activity. The fol- 

“ms to the author to explain these points satis- 

same time it agrees with all > observations 

have been t far made in this connection. It is assumed 


+) 


- 
ular tissue depends upon 


in definite pri 
ty, one of which may be carbon dioxid 
nner stimulus” of Langendorff; 2, the 
of diffusible calcium ions whose chief function is to prom 
reactions between the tissue and oxygen which are essential to its 
The normal non-automaticity of the ventricle is explained 


l it tent 
tNat Caiclum content 


in part by the author's former assumption 


is In such a combination with the tissue substance 
diffusible, and so is not active except when, as the rest 


cation of an external stimulus, enough of it is changed from the i 


tive to a diffusible active combination for the requirements of 


particular response; and in part also by the supposition that 

metabolic activity of the tissue, which depends upon the presence of 
diffusible calcium ions, is normally too restricted to produce sub- 
stances which will suffice as stimuli to automatic contractions. The 
initial standstill of the isolated ventricle being thus accounted for, 
it is in order to attempt to apply these same assumptions to the 
explanation of the different experimental methods of arousing ven- 
tricle strips to rhythmic activity. Let us begin with a consideration 
of the method of a preliminary calcium-containing bath followed 
by % sodium chloride. This method, as was shown by the writer,” 
arouses a strip to activity after a short but distinct latent period. 
According to the hypothesis here being developed the course of 
events in a strip under these conditions would be about as follows 
the caléium-containing bath would yield an abundant supply of dif- 
fusible calcium ions; under their influence the tissue would react 
freely with oxygen, entering upon metabolic changes which, while 


not taking the form of contractions, might be supposed to yield meta- 
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to the roundabout method outlined above, it is to be expected that 
it will begi show contractions very soon after immersion in the 
saline bath. The contractions which are given under this stimula 
tion are feeble, representing, therefore, a meagre oxidation which, in 
turn, requires only a small supply of diffusible calcium ions such as 
would be available immediately after the immersion in the sodium 
chloride solution. 

It will be observed that, according to the terms of the hypothesis 
under consideration, which assigns to sodium ions only the function 
of inducing, by their mass action, the conversion of calcium tissue 

ympounds into forms in which the calcium ions are diffusible, it 
should be possible to dispense with the presence of sodium ions alto- 


gether, provided diffusible calcium ions be directly furnished. What 


affords to the author’s mind one of the strongest arguments in favor 


of his hypothesis is his observation that by proper procedure along 
the lines it suggests a fresh ventricular strip can be made to give 
long series of spontaneous contractions without coming into contact 
with any sodium salt whatever, at any stage of the experiment. Be- 
fore the method of obtaining this result is described it is desired to 
call attention to some of the difficulties attending the successful 
application of diffusible calcium ions; difficulties to which are to be 
attributed, in all probability, the widely held view that rhythmic 
activity cannot be induced in ventricular tissue unless treatment with 
some sodium salt is included in the procedure. If the strip be im- 
mersed in a calcium chloride solution isotonic with serum, the evil 
effects of an overdose of calcium are bound to appear immediately, 
and make the manifestation of a normal calcium effect impossible 
If, on the other hand, the strip be placed in a calcium chloride solu- 
tion of physiological concentration (0.03 per cent) conditions favoring 
extensive osmotic disturbances are presented, in the face of which 
norma! responses are not to be expected. There has been full recog- 
nition of these difficulties, and attempts have been made to avoid 
both of them at once by using as bathing media solutions containing 
a calcium salt in physiological concentration, and made isotonic with 
serum by the addition of some “ indifferent” substance. This 
method is open to the very serious objection that it involves the 
assumption of physiological indifference for whatever substance is 
used in making the solution isotonic. The substances which have 
thus far been suggested from a frior7 reasons as likely to be indiffer- 


ent — sugar, urea, lithium chloride — have without exception, when 
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would be fulfilled immediately, so that the only additional factor to 
be supplied would be the diffusible calcium ions. After the strip 
had been in the carbon dioxide atmosphere for four or five minutes, 
and before any application of the calcium chloride solution to it, a 
stream of air was passed into the moist chamber to sweep out the 
carbon dioxide; this was done because previous experience had 
shown that no vigorous contractions would be given in a carbon 
dioxide atmosphere. As soon as the carbon dioxide had been re- 
placed by air the strip was moistened with four to ten drops of 0.1 
per cent calcium chloride solution, applied by dropping it u 

strip from above. Usually the application of the calcium-containing 
solution was followed promptly by a few vigorous contractions, but in 
order to establish a long series the writer found it necessary to repeat 
the treatment —carbon dioxide, air, calcium chloride solution — 
three or four times in succession. The series being once established 
would continue for a considerable time — from two and a half to nine 
hours — without further attention. Some of the details of these series 
will be discussed presently ; at this point the author wishes to em- 
phasize the fact that we have here true spontaneous rhythmicity 
induced in ventricular tissue without any application of sodium ions 
whatever. In the face of this observation it is difficult to see how 
theories based upon the absolute necessity of the external application 
of sodium salts can be maintained. Occasional instances are on rec 
ord of strips of ventricle which exhibited spontaneous rhythmic con- 
tractions without the application of salt solutions of any sort to them, 
but all observers are agreed that these are exceptional, and that they 
represent some abnormal condition of the tissue. Leaving all such 
out of account, the numerous attempts which have been made to 
demonstrate that the external application of sodium ions is unneces- 
sary to the development of automatic rhythmicity have hitherto given 


only negative results, sir‘lar negative results have followed all pro- 


cedures employed by the writer except such as correspond in principle 
with the successful experitnents described above. For that reason he 
feels that the fact that the one method outlined was successful is 
strong indication of the correctness of the principle upon which it is 
based. 

In the hypothesis proposed by the author to explain the develop- 
ment of rhythmicity in strips immersed in salt solutions, the position 
was taken that if diffusible calcium ions be supplied the “inner 
stimulus ” will be developed indirectly through the vigorous oxidative 
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quantity, since there were present no means by which such products 

uld be swept out. Inasmuch as this strip gave a response similar 
to that of others after treatment with carbon dioxide, it is at least 
possible to suppose that the similarity of response indicates a simi- 
larity of influence between carbon dioxide on the one hand and the 
tissue’s metabolic products on the other. 

Reference was made in a preceding paragraph to experiments 
which demonstrate that the peculiar stimulating influence of a 
hypotonic calcium chloride solution is due to the calcium ions and 
not to the hypotonicity. These experiments were two in number; 
in the first of them a strip was exhausted in % sodium chloride and 


then transferred to moist air; while beating feebly in this environ- 


ment it was moistened first with ~. sodium chloride and afterward 


with a calcium chloride solution isotonic with it; the effect of 
moistening with the hypotonic sodium chloride solution was a slight 
but clearly perceptible increase in vigor which endured for about two 
minutes; the effect of applying the hypotonic calcium chloride 
solution was a marked increase in vigor, five times as great as after 
the use of the sodium chloride solution, and enduring more than ten 
times as long. Frequently the beneficial effects of a hypotonic 
calcium chloride solution are much more marked than in this case.! 
The second experiment was conducted along the lines of those for 
developing rhythmic contractions without the use of sodium salts; 
a fresh strip was suspended in moist air and surrounded with carbon 
dioxide for three minutes; the carbon dioxide was then swept out 
by a stream of air and four drops of distilled water poured onto 
the strip; six moderately vigorous contractions were given; in two 
minutes the strip was again moistened with distilled water, and gave 
three less vigorous contractions; a third moistening with distilled 
water was followed by three very feeble contractions; three subse- 
quent applications of distilled water were without result; moistening 
with ” sodium chloride also failed to induce response; but when 
the strip was subsequently moistened with 0.1 per cent calcium 
chloride, a series of twenty or more very vigorous contractions 
followed promptly. 

A comparison of the series of contractions given by strips under 
the above-described calcium chloride, carbon dioxide treatment 
with those which follow immersion in 4% sodium chloride reveals 
several marked differences which are to be brought into line, if 
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of calcium by diffusion, and if that 
‘reason to expect a strip in air to show a similar phenomenon 


writer believes that the greater vigor shown by strips in 


pro 


bably due to a more active oxidation under those circumstat 


} 


than is possible in a strip immersed in a sodium chloride 


even under most favorable conditions. It should be 
extent of contraction reached its maximum after the first stag 
the experiment, and after the treatment with carbon dioxide had | 
discontinued, a fact which points to the relationship which the autt 
has already suggested between activity of oxidation and extent of 
contraction.! 

In the preceding paragraphs the writer has stated his views as to 
the part played by calcium and sodium ions in ventricular tissue. 
t remains to consider brietly the influence exerted by potassium ions 
in the same tissue. There seems to be no question of the inhibitory 
nature of this influence; the permanent standstill of isolated ventric- 
ular tissue immersed in Ringer's mixture can scarcely be explained 
on any other hypothesis, but, as the author showed above, the potas- 
sium ions normally present in ventricular tissue do not exercise an 
effective inhibitory influence upon it, although their concentration 
therein is as great as in Ringer’s solution. This difference in in- 
fluence between tissue potassium and inorganic potassium is probably 
to be accounted for in the way suggested by Howell * and the writer, 
namely, as due to the fact that potassium ions are not actively 
inhibitory so long as they are in the indiffusible combination in 
which they occur in tissue, but are so when present in diffusible 


form, as in Ringer’s solution. 


THE INFLUENCE OF SALTS ON THE VENOUS TISSUES OF THI 
HEART. 


It is the belief of the author that the influences exerted by the in 
organic blood salts upon this part of the heart are in substantially 
the same direction as upon the ventricle, and that the differences in 
their effects upon the two tissues are due to differences in the tissues. 
The conception that the function of calcium ions is to promote oxida- 
tion accords fully with all that is known of the conditions of activity 


MARTIN: Loc. cit., p. 
HoweEL_L: This journ 
8 MARTIN : Jéid., 19 


| 
is 
SU 
1° 
il, 1906, xv, p. 2 


never 
no normal ro] 
idea, that in the v 

active form, 

issuming ft 
with the rhy 
turn,in the main, to ] 
chiefly in the maintenan 
motic and otherwise, rat 
pro esses. 

A striking difference between venous and ventricu 


greater resisting powe the former to the ll 


inorganic potassium 


under the influence 


times the con 


plete quies 


is to the nature of 


purposes to con 
I 


In venous eart tissu e the aut ‘ 
lation, and so u e ; 
possesses this pr ‘rtyv to so ich greater d t st 
to the two f1ssues \ su ct that + t ‘ 
higher degree ot rhythi tis ired wit 
tricula Is tnat there 1s funda ‘ntal diftere 
ompounds tw tissues sucn tnat nereas the 
] ‘ 
caiclum normally Irs ina e, inactive ina 
former no W iulcium Indiffusibie 18 present I 
tne calcium ns are aiways naition to carry their f t I 
promoting Oxidation. 
Che role which was assumed for lum 10ns 1 
to change by their mass action the tor i the m tissu 
nation, 1s of course a purely extraneous funct One 
never come into play during the norma fe of the rean, t 
as occasion for the de\ pment of Spontaneous ventricular act : 
Cer 
If the aut 3 
VAVS DI ert 
1S i \ cessity 
ntent to! 
n of contract 
la ssues 1S 
bitory influes 
+ + + + 
Eee of a solution containing potassium ions 11 
MEE centration necessary to hold ventricular tissue in 
torily accounted for until the mechanism of potassium inhlbitio! 
and as y¢ ho ry gennite sugges ive ( 
this mechanism. Ina future paragt 
] 


E. G. Martin. 


INFLUENCE OF SALTS ON SKELETAI \EUSCLI 


Attempts to compare skeletal and cardiac muscle with respect 


the influence of the inorganic blood salts upon them are at once el 


gaging and baffling: engaging because of the many suggestive points 
of similarity which they exhibit, and baffling on account of the per- 


plexing differences of reaction which confront the worker who tries to 


formulate a satisfactory comparative view of the relations of salts to 


tissues. Some observers have taken the ground that what appears 


to be the most deep-seated difference between the two sorts of 


muscle, namely the presence of autom iticitvy in the one and its 


absence in the other, is really not a fund imental structural differenc 


at ali, Dut Only a superncial one, depending upon environmenta 


> 


differences in the condition of the tissues, and probably disappearing 


if identical conditions could be obtained The fibrillary twitches 


which occur in skeletal muscle immersed 1n alkaline sodium chloride 


solution are by these observers h mologized with the spontaneous 


rhythmic contractions of heart muscle. It seems to the author, how- 
ever, that the safest position to take at present Is that the twitches 


given by skeletal must les are probably not stric anal TO AULO- 


matic heart beats, and that the ibsence of automaticity in skeletal 


muscle is probably a deep-seated structural characteristic, which 1s 


not to be readily overcome by simple changes in the salt content of 
the tissue. In terms of his hypothesis it may be supposed to be due 


to the fact that the products of the metabolic activity ol this tissue 


do not function as efficient stimuli in the way in which they do in heart 
tissue, either because the metabolic products are different or, more 
probably, because the tissue itself is so constituted as to be unrespon- 


sive to that sort of stimulation. Admitting this fundamental difter- 


ence between the two tissues, and adopting the view that it rests 


upon differences in reaction between the tissues and their metabolic 


products, it can be shown that so far as their responses to the inor 


canic blood salts are concerned, cardiac and skeletal muscle appeat 


very similar. Leaving out of account for the moment the fibrillary 


twitches given by skeletal muscle in alkaline sodium chloride, and 


the inhibition of these by calcium chloride, many of the reactions of 


this tissue to salts, as described by Guenther ! in his exhaustive stud) 


of the subject, can be accounted for very satisfactorily in terms of 


1 GUENTHE! Phis journal, 1905, 


Relations 


the author’s hy} 
immersed in 4 
vigor of response 
percentage olf Ca 
completely. These 
that the extent 

and that the I: 
calcium ions, whicl 
saline, 

Guenther’s 


slow variations 


functions of t 
tion phenomena 1 
opinion that the 


respect necessarily 


changes, yet 


are in line with the 


connection. 


} 

rapidly 

even though only 
respect from ton 
actually in con 


which such con 


of the Lnorganic Salts of th b 
sis Thus Guenther s vs that in f tor 
ium chloride there is a 1 minutior t 
sla + etir le + + 
> iLal vi if a 
1m chioride to thes t rest Ss t 
phenomena a rd with t iut I t 
yntraction depends u n ti a nt ol t 
In turn depends resence 
are trom the tissue its immer 
observations ! t 
not strictly comparabie with muscular < tract ; t 
type, it being generally heid t t tneyv 1n\ ve tlerent 
muscie substance papel I I Vil { 
} oan D1 1 Sa res 
muscular tissues rit vrit t 
IS no reason t se tt I t 
certain of G thers it t 
That autl \ for exar t 
muscie, aS 1n a ventricie st treat n wit 
cases, a rding to the writer View, I 
oxidation brought y the ence ol 
concentration. The same server calls attentior to 1 
that tne contractions pro etal e tr 
ot potassium chioride o iy whet ! ir 
> 1? surat 1 +} ‘ 
tissue, a fact 1n avre nt w ea ‘ 
roie of caicium. 
ne hpriliary es skeleta Is 
liar contractions Of small extent t ! t 
lentner~* p nts in 
a part ol be immersed, dltteri 
t with th Since the 
FANO: Beitrage ( 


214 E. G. Martin. 


cation of stimuli, it would seem that the saline bath should be com- 
pared with other irritants of skeletal muscle rather than be at once 
assumed to affect this tissue in precisely the same way as it does 
heart tissue, whose conditions of activity are known to be widely 


+ 


different. Skeletal muscle tissue which is drying from exposure to 


alr 


rives twitches very similar to those which occur in saline, and 
these are generally conceded to be irritation effects pure and simple 


The inhibition of sodium chloride twitches by calcium ions is 


to be 
considered a direct counteraction of the irritating influence of the 
saline, because, as quoted above, calcium ions are favorable to the re- 
sponse of the tissue when it is stimulated by other agents, electric 
shocks for example. If the writer’s suggestion of the function of cal 
cium ions be correct it would seem likely that the irritation mani- 
fested in sodium chloride solution is really some sort of a suffocation 
effect, which is abolished through the improved oxidation resulting 
from the application of the calcium ions. This idea is to be con- 
sidered only a tentative one, there being no direct experimental 
evidence either in favor of or against it. 

It should be kept clearly in mind that, according to the author's 
hypothesis, improved oxidation under the influence of calcium ions 
has very different manifestations in heart muscle and in skeletal 
muscle. In the former the augmented metabolic processes lead to the 
production of an “inner stimulus” which may cause the tissue to 
execute rhythmic contractions; in the latter the metabolic activity of 
the tissue may be also augmented, but since the products which are 
formed have no stimulating function, there arises no tendency to the 
occurrence of automatic contractions, although at the same time the 
ability of the tissue to respond to stimulation is markedly increased. 


THE FUNCTION OF CALCIUM IONS. 


The author has assumed for calcium ions a specific function in 
connection with the metabolic activities of muscle. In this paper he 
has described this function as that of improving the reactions of the 
tissue with oxygen. In a former paper! the less definite expression, 
‘improving the absorption of oxygen” was used. Inasmuch as there 
is at present no single generally accepted view as to the mechanism 
of physiological oxidation, nor as to the exact part played by atmos- 


pheric oxygen in the process, it is of course premature to attempt to 


particularize with definiteness in regard to the manner in which the 
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not wholly, a mass action influence that its ions do not themselves 
exert any very positive tendency toward the incitement of contractions, 


but that they may replace other ions by their mass action and that 
the sodium-tissue compounds thus formed are favorable to the carry- 
ing on of the vital processes, which are initiated by the deposed ions 
or by other agencies. The author does not undertake to deny that 


+ ] 


tely essential to life, and hence to all 


manifestations of vital activity, but he does hold that positive influ 


sodium ions may be absolu 


ence in the direction of arousing automatic contractions is not prove! 


for sodium ions, either in the case the non-automatic ventricle, 01 


of the highly automatic venous heart tissue 
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The phenomena ill ing the influence of 
heart tissue are well mark and positive enough 
as to the fact of it tory nature, but they are not of a 
offer any very positive suggestions as to the mechanism by whi 
this inhibitory intluence is exerted ‘here is reason to believe, 
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which is sufficient to check completely the development of automati 
contractions in an isolated ventricular strip, is not sufficient to inhibit 
contractions aroused by physiological 1uli, either from the auricles 
or from a connected strip of ventricle in which contractions have 
been induced by immersi in saline (Guenther); in the second 
place concentrations of potas n chloride, which inhibit completely 
the response to physiological stimuli (0.1 to 0.5 per cent), may not 
suffice to prevent contractions when mechanical stimuli are applied ; 
in the third place several times as great concentration of potassium 
chloride is necessary to inhibit the auricle as to inhibit the ventricle ; 


in the fourth place inhibition only continues as long as the diffusible 
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wouid be that the amount of conversion of the calcium tissue com- 
pound is greater under artificial than under physiological stimulation, 
and so a greater number of potassium ions must be present in the 
former case if activation of the oxidative enzyms is to be prevented. 
The greater resistance of auricular tissue to potassium inhibition 
would be explained on the basis of the assumption that in that tissue 
calcium ions are always present in diffusible form, by supposing that 
the active oxidative enzymes, which occur normally therein, are not so 
readily decomposable by potassium ions as are those of ventricular 
tissue, and so require a greater concentration of the potassium salt to 
render them inactive. 

Howell! has advanced experimental evidence in favor of the view 
that the way in which stimulation of the vagus inhibits the heart is 
through a sudden conversion of potassium ions from an indiffusible 
combination to a diffusible inhibitory one. This hypothesis, in con- 
nection with the author’s suggestion as to the mechanism of the inter- 
action between potassium and calcium ions, offers an explanation for 
an interesting observation of Loewi and Ishizaka.2 These authors 
observed that muscarinized frogs’ ventricles retain their irritability if 
an inorganic calcium salt is present about the tissue but not other- 
wise. According to the generally accepted view of the mechanism 
of muscarin action this would be interpreted to mean that the stimu- 
lation of the cardiac vagus endings by the drug did not induce 
sufficient increase in the number of diffusible potassium ions to over- 
balance the diffusible calcium ions, which are present in considerable 
numbers under the conditions of the experiment. If the position b 
taken that muscarin acts to paralyze the muscle substance itself, the 


1 


lat 


interpretation of Loewi’s and Ishizaka’s phenomenon would be t 
the paralysis involves only the calcium tissue compound, thus pre- 
venting normal activity by hindering the conversion of calcium to the 
active form, but in no way interfering with the ability of the tissue to 
make use of inorganic calcium ions when such are supplied, and so to 
continue irritable. 


SUMMARY. 
1. Consideration of the possible sources of the “ inner stimulus ”’ 
for the rhythmic activity of the venous heart tissues leads to the con- 
clusion that Howell's original assumption, assigning to certain of the 
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normal Ringer’s solution is many times longer 


kept saturated with air than when it is not so 
2. In connection with the que 
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saturated with carbon dioxide stimulates 


ventricle to immediate activity, diftering 
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a distinct latent period. This is interpreted 
that the “inner stimulus” for the ventricle 
bolic products, one of which may be carbon 
ing that calcium ions have an indirect functio1 
stimulating one. 
3. In order to assign rdles to the blood salts, in 
activity of the ventricle, the hypothesis is advanced tl 
between the tissue substance and oxygen can only take pl 


e calcium ions. The chief function of s 
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presence of diffusib 
is assumed to be that of causing by their mass action 
calcium tissue compounds from their normal form, in 
cium is indiffusible, to one in which it is diffusible. 
support of this assumption that by proper procedure, 
the application of diffusible calcium ions, ventricular 
roused to rhythmic activity without the use of any sodi 
ever. The view that potassium ions are inhibitory only 
in diffusible combination is supported, and it is ai 
their normal tissue combinations they are indiffusible 
inhibitory. 

4. The high degree of rhythmicity exhibited by vei 
is assumed to be due to the fact that in it calcium doe 
diffusible tissue compound, hence is always available for 
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accol ther is con -ed with the highly automatic heart muscle 
account when it is compared with the highly automatic heart muscle. 


It is shown that calcium ions favor the response of skeletal muscle 


to normal stimulation, just as they favor that of heart muscle to 
ry twitches given by skeletal muscle 


its ‘‘inner stimulus.” The fibrillar 
in sodium chloride solution are assumed to be due to an irritation 


which is removed when a calcium salt is added 
It is suggested that the action of diffusible calcium ions in pro 


moting oxidation processes may be in the nature of the activation of 


enzyms. 

7. The assumption that sodium ions exert their influence through 
mass action is shown to be supported by the fact that sodium salts are 
effective only when present in quantity. 

8. It is suggested that diffusible potassium ions cause inhibition by 


forming inactive compounds with the zymogens of the tissue and with 


the contractile substances as well, thus interfering both with the oxi- 


dative reactions and with the process of contraction itself. 


ON THE CAUSE OF THE CESSATION KF THE RHYTH 
OF AUTOMATIC TISSUES IN ISOTONIC SOLUTION 
OF NON-ELECTROLYTES. 


the Limulus heart the myogenic theory is eliminate \ 
and 


decisive experiments, but while Volkmann's theory of the 
mechanism of the heart beat is no longer a theory but a demonstrat 
fact for that animal, the nature of the stimulus to t heart rhythm is 
just as obscure as before. \Ve know that the heart muscle « tracts 


in response to rhythmical nervous impulses reaching it from the gan- 
glion. The heart muscle does not, therefore, need any further attentio1 
The next step in the elucidation of the nature of the heart rhythm is 


to determine the nature of the stimulus to the ganglionic rhy 


[his paper reports some observations Dearing on the question whether 


the immediate stimulus to the automatic heart tissue is to be sough 


in some constituents of the blood surround the tiss or in 
some substance or process within the cells of the automatic tissue 
themselves. 

The numerous researches of the last thirty years touching this 


question have been directed mainly towards the inorganic cons 
ents of the blood. Kronecker and his pupils have emphasized thx 


importance of the serum proteids for the heart rhythm, while 

have maintained that the presence of sugar in the circulating medium 

renders the medium more efficient for maintaining the rhythm than 
} 


an isotonic solution of the inorganic salts of the blood. But while it is 


obvious that the organic constituents of the serum are necessary for 


+ 


the nutrition of the heart tissues and therefore ultimately for the 


heart rhythm, the fact that the heart may continue in rhythm for 
very long periods in isotonic solutions of electrolytes containing no 


proteids or carbohydrates seems to show that the organic constitu- 
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ents of the serum do not form the immediate stimulus to the heart. 
It must be admitted, however, that this view is by no means proved 
The slowly diffusing serum proteids probably require hours or even 
days to pass from the intercellular spaces into the solution surround- 
ing the tissues. 

rhe view that the inorganic constituents of the blood, and particu- 
larly the ionized portion of them, constitute the immediate stimulus 
for the heart rhythm rests mainly on these two facts: 1. The heart, 
particularly of cold-blooded animals, continues to beat for many hours 
in an isotonic solution of the ash of the blood, while it is rapidly 
brought to a standstill in an isotonic solution of a non-electrolyte 
such as cane sugar. 2. Some of the inorganic constituents of the 
blood (e. g., Na Cl) produce rhythmic activity in tissues not nor 
mally rhythmical (ventricular apex, skeletal muscle, motor cells of 
the spinal cord). Inthis country this viewis particularly championed 
by Howell! and Loeb*and their students. The fact that the parts of 
the heart normally automatic continue in activity for some time in an 
isotonic solution of a non-electrolyte, such as cane sugar, is explained 
by the adherents of the above view in the following way: The 
rhythm of the heart immersed in an isotonic solution of cane sugar is 
maintained by the electrolytes in the blood of the capillary spaces 
between the heart cells, and the cessation of the rhythm marks the 
point where these electrolytes have diffused from these intercellular 
spaces into the sugar solution to such an extent that their concentra- 
tion about the cells is insufficient for their stimulating action. This 
explanation seems to be further supported by the fact that a heart 
brought to a standstill in an isotonic solution of cane sugar will re- 
sume its rhythm on being transferred to an isotonic solution of the 
ash of the blood. If this explanation of the cause of the cessation of 
the rhythm in a solution of non-electrolytes is correct it follows that 
the duration of the maintenance of the rhythm in the sugar solution 
is a function of the rate of diffusion of the ions out of the intercel- 
lular capillary spaces and independent of the condition of the cells 
themselves. 

While the above view commends itself because of its simplicity, 
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In these experiments the heart ganglion was isola 
rior region of the heart, and left in connection 
of the anterior end. This preparation was arranged 
istration in the manner described in a previous paper 
the heart muscle used for contraction, and thus for 
activity of the ganglion, was surrounded by plasma or 
solutions of non-electrolytes being confined to the ganglio 
The blood of Limulus is isotonic with the sea water. 
pressure of the Limulus blood is therefore nearly the 
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When the plasma or sea water surrounding the ganglion is replaced 
by an isotonic cane sugar solution, the rhythm is nearly always aug- 
mented in rate and usually also in intensity. This stimulating action 
may appear within ten to sixty seconds after the application of the 
sugar solution. The stimulating action is followed by irregularity in 
the rhythm, diminution in the intensity of the nervous discharges, 
diminished rapidity of the nervous discharges, and finally complete 
cessation of the rhythm. The primary stimulating action of the sugar 
solution was not due to impurities in the sugar; nor was it due to 
differences in temperature of the plasma and the sugar solutions re- 
placing the plasma, as particular care was taken to keep the solutions 
employed at the same temperature. This primary stimulating action 
is not peculiar to cane sugar. Isotonic solutions of dextrose, lavu 
lose, and lactose gave practically the same results. In fact, these 
sugars appear to have the same action on the isolated ganglion. The 
fact that the sugars stimulate the ganglion in isotonic concentrations 
will be considered more fully in connection with the activity of this 
ganglion in solutions of electrolytes. 

The Limulus heart ganglion in adult specimens is about I mm. 
wide at its widest portion, and only a fraction of a mm. thick. This 
small piece of tissue can therefore hold only a very small amount of 
plasma in the intercellular spaces. Diffusion outward into the sugar 
solution of the salts contained in the tissue spaces at the moment 
of transfer of the ganglion from the plasma to the sugar solution 
is not hindered by any membrane surrounding the ganglion. The 
amount of sugar solution used for the bath did not seem to affect the 
duration of the rhythm in the sugar solution. <A ganglion placed in 
200 c.c. of the sugar would come to a standstill as quickly as one 
bathed in 20 c.c. of it. 

The length of time a ganglion continues in rhythmic activity in an 
tsotontc solution of pure cane sugar depends on the condttion of the 
ranglion. This can be shown in two ways. <A ganglion in good 
condition, that is, a ganglion not injured in the dissection and that 
exhibits a regular and vigorous rhythm, as judged by the contraction 
of the heart muscle, may continue in activity in an isotonic solution 
of pure sugar for sixty to ninety minutes. That is the longest time 
I have observed any ganglion in activity in the sugar bath. The 
usual time for ganglia in good condition is from forty-five to sixty 


minutes. A ganglion in “ poor” condition, that is, a ganglion exhib- 


iting a relatively feeble, slow, and irregular rhythm at the beginning 
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of an experiment is brought to a standstill in the sugar solution in 
from eight to twenty minutes. This difference in the duration of the 
rhythm of the vigorous and the poor ganglion in the same sugar solu- 
tion is thus very marked. The fact was recorded both on the tracings 
and in the protocols before I saw its bearing on the question now 
under consideration. 

Why does the vigorous ganglion maintain its rhythm in the sugar 
solution so much longer than the feeble ganglion? The feeble gan- 
glion is of the same size, texture, and compactness as the vigorous 
ganglion. The amount of plasma imprisoned in the intercellular 
spaces must be practically the same in both. The rate of outward 
diffusion of the salts in this imprisoned plasma must be the same in 
both. If, therefore, the cessation of the ganglionic rhythm marked 
the time when the outward diffusion of the electrolytes surrounding 
the cells had diminished the electrolytes about the cells down to cer- 
tain concentration below which they fail to stimulate the ganglion 
cells, the vigorous ganglion should come to a standstill as soon as the 
feeble ganglion. It seems to me, therefore, that the fact just recorded 
is not adequately explained on the view that the cause of the stand- 
still of rhythmical tissues in solutions of non-electrolytes is the absence 
of or dilution of the electrolytes about the automatic cells. 


ITI. 


A ganglion brought to a standstill in an isotonic sugar solution 
resumes its rhythmic activity when again surrounded by plasma or 
sea water. The return of the rhythm is gradual, but the restored 
rhythm may for a while exceed the original both in rate and intensity. 
If the ganglion is transferred to the plasma soon after coming to a 
standstill in the sugar solution, the rhythm may reappear within a few 
seconds and the restored rhythm may continue nearly as regular and 
vigorous as the original. Nevertheless, @ vigorous ganglion brought 
to a standstill in the sugar solution and again restored by plasma or 
ser water will, on a second bath in the sugar solution, come to a stand- 
still much sooner than at the first time. Yor example, a ganglion 
brought to a standstill in forty-five minutes when placed in the sugar 
solution for the first time, will, after what appears to be complete re- 


covery in plasma or sea water, cease its activity in from ten to fifteen 


minutes when again surrounded by the sugar. Having once been 
brought to a standstill in the sugar solution, the ganglion reacts to 
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sugar solutions ? That the urea and the glycerine act directly on the 
ganglion cells appears to me to be shown by the feeble and irregular 
rhythm of the ganglia after a urea or glycerine standstill. The 
action of the urea is the more deleterious. That the sugar molecules 
act directly on the ganglion is indicated by the fact that the second 
sugar bath brings the ganglion to a standstill within a shorter time. 
Concerning the probable nature of this direct action of these non- 
electrolytes on the ganglion cells in bringing about cessation of the 
rhythm nothing definite can be said at present. 

There are many points of similarity between the chemical condi- 
tions of the automatism of cilia of marine animals and the chemical 
conditions for the activity of the heart. It has been observed that 
cilia may continue in activity after being severed from the cells. 
The immediate stimulus to the ciliary automatism must then be 
sought either within the cilium itself or in the medium surrounding 
the cilium. Now, as a matter of fact, the cilia of marine animals are 
quickly brought to a standstill when surrounded by an isotonic sugar 
solution,’ just as the heart is quickly brought to a standstill in a 
similar solution. This ultimate cessation of the ciliary contractions 
in a non-electrolyte may be ascribed to the absence of the stimu- 
lating ions in the medium surrounding the cilia with just as much 
reason as the same explanation is advanced for the standstill of the 
heart. The cilia of fresh water animals react quite differently in 
isotonic solutions of sugar. The cilia of Paramoecium, for example, 
continue in activity indefinitely in distilled water or isotonic cane 
sugar solutions.* In such cases the immediate stimulus to the ciliary 
rhythm cannot be sought in the surrounding medium. While it is 


liffer- 


possible that the immediate stimulus to ciliary contraction is « 


ent in marine and fresh water animals, it does not seem probable. 


The difference in the behavior of marine and fresh water cilia in 
distilled water and isotonic solutions of non-electrolytes is probably 
due to differences in permeability to the substances in solution within 


the cilia as well as to the water and salts surrounding them. 
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1. The duration of the maintenance of the activity of automati 


tissues in isotonic solutions of non-electrolytes (sugar, urea, glyc 
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THE PRESENCE OF CARDIO-REGULATIVE NERVES 
IN THE LAMPREYS. 


By A. J. CARLSON. 


S' )ME years ago Greene made the observation that the California 
hagfish (Bdellostoma dombeyi) is not provided with cardio- 
regulative nerves.!. According to Greene the heart rhythm of this 
animal cannot be influenced by the stimulation of the vagi, the brain, 
or the spinal cord. This observation is of peculiar interest, because 
the hagfish is the only vertebrate animal on record in which cardio- 
regulative nerves are absent. A little later I had an opportunity to 
repeat Greene’s experiment on the hagfish, and my observation con- 
firmed Greene’s conclusion. I was not able to get evidence of any 
extrinsic heart nerves that influence the heart rhythm in that animal.” 

It is obvious that a vertebrate heart not provided with accelerator 
and inhibitory nerves offers peculiar advantages for the investigation 
of certain questions of heart physiology. With that idea in view I 
endeavored to determine whether the absence of cardio-regulative 
nerves was a characteristic of the whole marsipobranch group of 
animals or limited to the hagfishes alone. The lampreys have a 
much wider distribution than the hagfish, and are available even for 
the physiological laboratories situated inland. The only lamprey 
material that I was able to obtain on the Pacific coast was the 
larval form of Entosphenus tridentatus, specimens I2 to 14 cm. in 
length, And as I was unable to demonstrate any influence on the 
heart of the stimulation of the vagi, the brain, or the spinal cord in 
these larval representatives of the lampreys, I concluded that the 
absence of cardio-regulative nerves was in all probability a character- 
istic of the whole marsipobranch group, that is, both hagfishes and 
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lampreys. But subsequent observation 
lampreys have convinced me that this conclusi 
The best material on which to determine this 
the large marine lamprey of the Atlantic 
not able to secure this material the smal 
suffice. The species worked on were 
Ichthymyzon concolor. 
‘hese lampreys are of small size and the va 
in the tissues surrounding the gill pockets and 
isolated for purposes of physiological experiments. 
the observations were made by stimulation of the 
level of the origin of the vagi. The exact 
regulative nerves from the central nervous 
therefore left undetermined. But my resu 
the central nervous system is connected 
augmentor and probably also by inhil 
The following procedure is most convenient in o1 
strate the influence of the central nervous system 
rhythm. The animal is transsected just behind the 
a board ventral side down, and the brain exposed. 
is now tilted sidewise, the body well slit open in the 
line, the heart exposed by cutting away the posterior pa 
cartilaginous pericardium. The heart can now be observed 


The removal of the posterior part of the cartilage is no 


necessary, as the cartilage is sufficiently transparent to 
movement of the heart. But for accurate ol 


the cartilage is desirable. 


servation 


In a specimen thus prepared the stimulation of the medull: 

a weak interrupted current usually inhibits the heart 
period (five to ten seconds, seldom longer). On cessation of 
stimulation the rhythm is augmented. If a relatively strong inte! 
rupted current is used augmentation of the rhythm is invaria 
produced. In many specimens the inhibition 

I 


the weak current, every strength of the stimulus tha 


heart producing augmentation of the rhythm. 


The stimulation of the medulla at the level 
vagi nerves produces contraction of the gill po 
muscles. That the changes in the heart rhythm 
effect of these contractions is shown in tl 


traction of the trunk muscles can be 
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spinal cord, and after the cord has been destroyed below the medulla 
the stimulation of the medulla still produces the above describe 

effects on the heart. The contraction of the gill pockets that are 
innervated by the vagi might influence the heart by increasing the 
resistance to the flow of blood from the ventricle as well as by forcing 
blood into the sinus by way of the ventral vein. That the resistance 
to the output of the ventricle is not a factor is shown by the fact 

the same results are obtained when the heart is empty or even after 
the ventricle is severed from the aorta. Nor do the contractions 
of the gill region produce the change in the rhythm by mechanical 


tension or pressure on the heart, because the body wall above the 


heart may be fixed in a way so that the contraction of the gill 
does not produce any pressure or tension on the heart. 

The conclusion seems, therefore, justified that these lampreys are 
provided with cardio-regulative nerves in the same way as are the 
fishes and higher vertebrates. The nerves reach the heart along the 
vein that joins the sinus in the ventral median line. This is shown 
by physiological experiments. As long as this connection with the 
sinus is intact the medulla exhibits its usual influence on thé heart 
This corresponds with the descriptions and figures of the cardiac 
branches of the vagi in Myxine by Miiller.!. In the specimens of 
lampreys at my disposal these cardiac branches of the vagi are too 
delicate to be made out by dissection, or at least I failed to do so, 
but by the methylene blue method I have repeatedly brought out an 
abundance of nerve fibres (non-medullated) in the walls of this 
ventral vein or sinus leading to the auricle from the gill region. 

That two groups of animals as closely related as the hagfishes and 
the lampreys should exhibit this great difference in this heart physi 
ology was certainly surprising to me. Perhaps the question should 


be re-examined in the hagfish. 


' MULLER: Verglei \natomie der Mvyxit en. Berlin, 1834 
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cerebral cortex and of the centres of the medulla oblongata. 

was no evidence in these experiments that nerve fibres may also be 
attected by magnesium salts. The abolition of excitability of some 
of the nerves, which was observed in these experiments, like the 
impossibility to affect the respiration by stimulation of the vagus or 
to bring out deglutition by stimulating the superior laryngeal nerve, 
etc., was apparently due, as we have argued in the above mentioned 
communications, to an inhibition of the nerve cells in which these 
nerves terminate and not to a narcotization of the nerve fibres them- 
selves. There were, however, no @ prov? reasons against the assump- 
ion that magnesium salts might produce a local narcotizing effect 
upon nerve fibres. And comparing the general anzesthetic effect of 
the magnesium salts with that of some other anzsthetic substances 
there is one point which speaks for a greater depressing efficiency 
in case of the salts in question. While in many of the anesthetic 
substances the anesthesia is not their sole effect, on the contrary the 
anzesthesia is, as a rule, preceded by a stage of increased irritability, 
there is no such phase in the effects of magnesium salts. As we 
have pointed out in the previous papers, we have so far noticed 


not a sing 


le phenomenon among the effects of these salts which could 


y interpreted as an irritating influence. 


| 
be reasonably 


In the present paper we are going to report the results of a series 
of experiments on the problem under discussion: Whether solutions 
of magnesium salts have a local anesthetic effect when applied to 


nerve trunks. 


METHOD. 


Except in a few instances, the local narcotic effect upon nerves 
of the substances enumerated above was studied upon nerve-muscle 
preparations of frogs, and frequently after the preparation was kept 
immersed in an isotonic solution of sodium chloride for many hours. 
The latter procedure was carried out for the purpose of reducing the 
irritability of the central part which might have become increased by 
the effect of the cutting. Such a nerve surely cannot be considered 
1 normal one and might be specially predisposed to become easily 
narcotized by some anesthetic agent. Our experiments with magne- 
sium salts were carried out mostly on intact nerves 7 sz¢z, which, 
therefore, were not deprived of their normal nutrition. Such nerves 
probably offer greater resistance to the anzsthetization and recover 
more readily as soon as the anesthetic agent is removed. The 
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During the operation for the isolation of nerves, « 
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THE EFFECT OF MAGN UM SALTS UPON NERV! 


The vagus. — The vagus contains various nerve fil 
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in several functions. We shall mention here only 
stimulation of the central end causes, 1, a ch 
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We have studied the effect of the solutions upon the different nerve 


nbres of the vagus beionging to the different functions separately as 


well as simultaneously. 


The respiratory nerve fibres. Electric stimulation of the vagus 
nerve either at some place of the intact nerve trunk or at the central 
end of the cut nerve will cause, if the current is sufficiently strong, 
some change in the respiration; upon this point all investigators 
agree. There is, however, some disagreement as to the nature of this 


change; some writers say that the eftect 1s of an Inspiratory, others 


’ 


vain that it is of an expiratory character. The literature on this 
subject is quite extensive, and we shall not attempt on this occasion 
to enter into the details of this long-standing controversy. However, 


n order to make some of our statements intelligible, a brief stat 
ment of some details is indispensable. In the majority of rabbits a 


stimulation with medium and strong induction currents will produce 
in inspiratory effect. Studying it upon a respiratory tracing it pre- 


sents itself as follows: The stronger current brings ot 


it an Inspiratory 


standstill; the normal respiratory undulations are interrupted, and a 


straight line or a line slightly and irregularly interrupted by short 
respiratory undulations runs more or less near the inspiratory level 


Weaker currents do not stop the respirations, but produce an increase 
in rapidity with a shortening mostly on the expiratory side of the 


undulations. In some of these animals a very weak stimulus wil] 


bring out a standstill of an undoubted expiratory character, or at least 


a slowing with a shortening of an expiratory character. There are, 


however, undoubtedly some animals in which every kind of stimula- 


tion produces only an expiratory standstill which becomes more pr 


nounced the stronger the stimulus is. These facts we have to bear 
in mind when we come to interpret the changes in the reactions 


11 


brought on by stimulations after a certain degree of block in the 


nerve is established. 

The graphic record of the respirations was obtained either fron 
the pleural cavity by means of the pleural cannula, as described in 
the previous communications, or from a very large bottle which was 
connected with the trachea of the animal, the bottle being frequently 
ventilated by means of bellows. In one case the respirations were 
transmitted by a small rubber bag which was placed between the 
diaphragm and the liver. 

Che following is a brief account of the results: 


When a fairly strong electrical stimulus was found which was 
y 4 
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phate or 1.3 per cent magnesium chloride. But we may state that 
the local anzsthetizing effect of the solutions has been as a rule in 
proportion to their concentration. In the first place, the effect would 
be profounder with a strong solution; for instance, where a normal 
molecular solution (“4 — about 25 per cent of magnesium sulphate ) 
would produce a complete block in the section of nerve to which it 
was applied, an isotonic or hypotonic solution might merely reduce 
the conductivity in that part. Furthermore, as a rule, after applica- 
tion of strong solutions the effect would set in much sooner than 
after dilute solutions. Finally, after dilute solutions the return of 
the normal conductivity would occur more readily and sooner than 
after the use of high concentrations. In fact, when employing dilute 
solutions the return of the normal conductivity might take place 
while the cotton was still around the nerve if no fresh magnesium 
solutions were added. 

All this is true only in a general way. Studying the experiments 
in detail we find that the effects were variable within comparatively 
wide limits. In one case, for instance, we find that a 25 per cent 
solution of magnesium sulphate produced a complete block five min- 
utes after the application, while in another experiment with the same 
solution it took twenty minutes and more to establish full local anzs- 
thesia. Again, in one instance, the conductivity would return after a 
short washing of the nerve with Ringer’s solution, while in another 
experiment with the same concentration of magnesium salt and the 
same duration of application it took perhaps an hour and longer be- 
fore the return of conductivity and irritability in and below the 
‘anzesthetized area. We cannot make any statement as to the exact 
nature of the cause of this variability. We believe, however, the lat- 
ter to depend upon accidental, mechanical conditions; for instance, 
upon the thickness of the nerve, the amount of connective tissue 
which remains adherent to the nerve, the thin layers of lymph and 
clotted blood, etc., variable conditions which mechanically hinder the 
entrance of the solution into the nerve fibres and also hinder its 
leaving them. 

In the foregoing we mentioned essentially the blocking of conduc- 
tivity of the nerve by solutions of magnesium salts; for we had the 
positive proof in the fact that stimulation below and outside of the 
‘anesthetized ” area produced no effect. As to the effect upon 
the irritability within the blocked area our experiments do not per- 
mit us to take a positive stand. In the majority of the experiments 
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As we have stated above, the usual effect of a strong electrical 
stimulation of the central end of the vagus is an inspiratory stand- 
still and the effect of a weaker stimulus is, as a rule, an increase 
in the rate of respirations with a shortening of the amplitude of an 
inspiratory character; and that finally in many cases the effect of a 
mild stimulus consists essentially in an increase of the expiratory 
pause. In some of our experiments, where the blocking was more 
or less incomplete, the same stimulus which before the application of 


the solutions caused, for instance, an inspiratory standstill, would 
afterward produce only a moderate increase of the rate with some 
shortening of the amplitude, and in some other cases the later eftect 
would consist only in a slowing of the respirations of an expiratory 


character. (See Fig. 2a, Figs. 3,4, and 5.) In many of these cases 


the very same effects were seen before the application of the solu- 
tions, brought out by different strengths of the stimulations. 
Che facts just mentioned have to be borne in mind when interpret- 


ing the results obtained by the different grades of anzsthesia pro- 
duced by the various dilutions of the employed solutions. Otherwise 
an inclination may arise to assume that the different degrees of anzs- 
thesia rule out by specific action nerve fibres of a different respiratory 


character; for instance, that one degree of anzsthesia will affect only 


expiratory, another only inspiratory, fibres, and still another only 
sensory fibres. In other words, we would ascribe to the different 
degrees of anaesthesia specific affinities for the several sets of respira- 
tory fibres, while in reality the uniform effect of the increasing 
anzsthesia consists merely in reducing the stronger impulses to lesser 


values. We shall have to discuss this point later more fully. At 
this place we wish only to call attention to the statement of Howell 
and his associates in their studies of the effect of cooling upon con- 


ductivity and irritability of nerves.'. Blocking was produced by 


cooling, and among others the respiratory fibres of the vagus were 


also tested. Only two experiments were made, one on a cat and one 
on arabbit. It was found that by different degrees of cooling of the 


nerve the same degree of stimulation peripheral to the cooled part 
produced different effects upon the respiration, and the assumption 
was made that by the different degrees of cooling, different kinds 


of fibres (sensory and respiratory) were eliminated. No different 


degrees of stimulation were tested previous to the cooling. But 
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some sort of a respiratory response to a stimulation below the block, 
while the blood pressure would remain unaffected, especially when the 
connection with the heart was severed. (See Fig. 2 0.) 

The cardio-inhibitory nerve fibres. — The description given above of 
the effect of solutions of magnesium salts upon the respiratory fibres 
is thoroughly applicable also to the effects of these solutions upon 
the efferent fibres of the vagus causing inhibition of the heart. Ap- 
plication of a solution of magnesium sulphate or magnesium chloride 
to the intact or cut vagus nerve will produce sooner or later a more 
or less complete block in the peripheral direction of the nerve, so 
that in some cases a certain degree of stimulation applied on the 
vagus centrally to the anzxsthetized area will produce no effect, while 
when applied peripherally to the block the same strength of stimulus 
would be sufficient to completely stop the heart beats. Such a block 
could be removed again by removing the solution and especially by 
washing the nerve with Ringer’s solution. As in the case of the 
respiratory fibres, the solutions seemed to affect mainly the con- 
ductivity of the nerve fibres; when applying the electrodes directly 
to the block the effect would increase with the approach of the elec- 
trodes to its lower border. 

The heart beats were studied in the majority of the experiments 
by recording the blood pressure in the usual manner. For an unmis- 
takable reaction we relied chiefly upon a nearly complete stop of the 
heart beat expressed by a sudden considerable drop in the blood 
pressure. In a few experiments, especially when the behavior of the 
respiration was the chief consideration, the action of the heart was 
observed by a needle thrust into it. 

Simultaneous blocking of cardiac and respiratory impulses. In 
many of these experiments, in fact, in most of them, the behavior of 
the respiration and of the cardiac action was studied simultaneously. 
In these experiments, as a rule, one vagus nerve was cut and the 
solution applied to the other intact nerve. The graphic records of 
the respiration and the blood pressure were written one above the 
other. The results described above for each function separately were 
now observed simultaneously. When a complete block developed, 
stimulation below the block would bring on inhibition of the heart 
with no effect upon respiration, and stimulation above would have a 
characteristic effect upon the respiration, and perhaps also upon the 
heart beats. Application of the electrodes upon the block itself would 


show some moderate effect upon both functions, increasing in one or 
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Dixon sees only three possible hypotheses: 1. Such a distribution of 
the fibres within the vagus as to expose one kind more than the other 
to the action of the drug. 2. That the different kinds of fibres are 
protected by different kinds of sheaths. 3. That one kind of fibres 
has a greater chemical affinity than the other for cocaine. Dixon 
decides in favor of the last hypothesis. 

Our observations with magnesium salts were, as stated above, sim- 
ilar to those made by Dixon with cocaine. Some of the curves we 
have obtained were similar to those reproduced by Dixon from his 
experiments. But we never thought of assuming that our solutions 
affect the different nerve fibres in a different way. We believe that 
the difference has its origin in the different degrees of irritability of 
the two kinds of nerve endings. The irritability of the cardiac fibres 
is less than that of the respiratory nerve fibres. In the vast majority 
of our experiments we have found that a distinctly stronger stimulus 
is required to affect perceptibly the efferent cardiac fibres than the 
respiratory nerve fibres of the vagus; that is, many a stimulus which 
is sufficient to bring out a distinct respiratory effect is still incapable 
of producing a perceptible change in the cardiac beats. In making our 
interpretation we have also to bear in mind that with the increase in 
the strength of the stimulus the respiratory effect is not only increased 
quantitatively, but, as already stated above, is frequently also changed 
in character. Now we have found that, when by applying the solu- 
tions to the vagus a certain block was established for the cardiac 
fibres, there was invariably also some change in the effect upon the 
respiration, a change which corresponded to that produced by a stim- 
ulus of a lower strength. Our explanation then is simply this: a 
reduction in the conductivity in any nerve fibre, which practically 
means a reduction in the irritability, increases the threshold value or 
the minimum requirement of the stimulus to produce a certain effect, 


tion, 


so that to obtain a similar effect as was obtained before the reduc 
a much stronger stimulus has to be employed, or when the same 
stimulus is employed either there would be no effect at all, or the 
obtained effect would be of less value than the previous one; this 
is what had occurred indeed in our experiments: when the impulses 
to the heart were blocked the impulses to the respiration were either 
also completely blocked, or the effects upon the respiration were from 
below the block distinctly less than those obtained from above the 


block. In no case has it ever occurred that the effects upon respira 


tion from above and from below were exactly the same when the 


impulses to the heart were distinctly blocked. 
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however, was lower than that obtained from above and of another 
character; it was rather of an expiratory type. The effect upon the 
blood pressure was possibly covered by the cardiac effect. was 
obtained later after a fresh application of the solution and after the 
vagus was ligated between the block and the heart. Now a stimu- 
lation below the block (but above the ligature) produced only a very 
slight effect upon the respiration with no effect at all upon the blood 
pressure, while from above the effect remained the same as before. 
The tracing of Fig. 3 was obtained after the intact nerve was thor- 
oughly bathed with a 3.7 per cent solution of magnesium sulphate 


(equimolecular with 0.9 per cent sodium chloride). The sign (+) 
means that the electrodes were lying on the anesthetized area. [rom 
above an inspiratory standstill with no effect on the heart was pro- 
duced (except, perhaps, a systolic shortening ?), neither was there in 
this case any effect upon the blood pressure. From below there was 
a strong inhibitory effect upon the heart with only very little effect 
upon the respiration (slight increase in rate and slight shortening): 
From the block itself both heart and respiration were distinctly influ- 
enced, but the effects were of lesser extent than from above or from 
below. 

Che tracing in Fig. 4 was obtained from the intact vagus about 
twenty minutes after the application of a 1.7 per cent solution of 
magnesium sulphate (hypotonic solution, equimolecular with 0.4 per 
cent sodium chloride). From above there was an increase in rate of 
respirations and considerable shortening of amplitude, with practi- 
cally no effect upon the heart. From below there was distinct cardiac 
inhibition with a slowing of the respirations of an expiratory charac- 
ter. Krom the block itself there were again as in Fig. 3 moderate 
effects upon both functions. The tracing in Fig. 5 was obtained 
after application to the intact nerve of a hypotonic solution of 1.3 
per cent of magnesium chloride (about equimolecular with 0.4 sodium 
chloride). Stimulations above affected the respiration by increase in 
rate and considerable shortening, with practically no cardiac inhil 
tion. Stimulations below caused a marked cardiac inhibition while 
the effect upon the respiration was slight and consisted in a moderate 
slowing of an expiratory character. 

Nerve fibres of cesophagus and cardia. —— Not many experiments 
were made in studying the anazsthetizing effect of solutions of magne- 


sium salts upon these fibres, but these few were instructive. A block 


could be produced with concentrated solutions (25 per cent magne- 


Stud te M Salt 


sium sulphate) as well as with very dilute s 


magnesium sulphate). Fig. 6.4 was obtained a 


application of a 25 per cent solution of magnesiut 
left intact Vagus (the upper tracing was obt 
catheter, the fenestrated end of which was lace e 
cus while the other end was connected in t 1S 
Marey’s tambour [he elevations mean a tra 
cus). When stimulated a ( J ) the 
pressure with ontra the 
cesophagus and wit 
ettect upon the irt \ e when 
stimulated below (1¢ the vas 
a contraction of the a i 
1 distinct though moderate « t 
upon the heart 

When applying dilute solutions the 
block could be effected on 
stimulations with currents of 1 ! 
ate strength; strong stimu you 
bre ik thro oh the b K ilute 
solutions were here as the 
experiments more readily washed out 
again than concentrated ones. 

lhe slow process ot wash n t 
concentrated solutions brought 
here the interesting phenomenon that 
at a certain phase the nerve fibres 
of the cesophagus wo ( ecaine 
while the cardiac fibres st be bl 
tation of this phenomenon is here again that it 


mn of magnesiun 


is due to the fact that the nerve fibres of the a 
higher irritability than the cardiac inhibitory nerve 


obtained from the same vagus as Fig. 6A but bet 
of the solution. It shows that stimulation by a curt 
distance, which produces a good effect upon the 
effect upon the heart; on the contrary it gives rise to 
tion of blood pressure. 

An interesting observation on the effect of bl 


made upon the contractions of the esophagus at 


, 
I 
t the re 
of an elective activit the |) saits but that it 
t al it ] 
25 coll 
i 
‘ 


248 S. F Meltzer and Fohun Auer. 


tition. Concentrated solutions of magnesium sulphate were applied 


to both intact vagi in the neck, and the animal was induced to 


swallow. After the block was established oesophagus and cardia did 


ne 


if 


not participate in the act of deglutition. The contractions of 
cardia were the first to disappear, then the contractions of the cesopha- 
gus followed. The entire @sophagus from the larynx down became 
soon perfectly relaxed. After “washing” both vagi with Ringer, 
contractions of the cesophagus returned first and those of the cardia 


later; the tonicity of the cesophagus also returned. 


The depressor nerve.— Only: two experiments were made and 


both with very dilute solutions. In one experiment 1.7 percent mag- 
nesium sulphate was used and in the other a mixture of two parts of 
1.3 per cent magnesium chloride with one part of 0.9 per cent sodium 
chloride was applied. In both experiments the blocking was distinct 
and the washing was promptly effective. 

The cervical sympathetic nerve. — About half a dozen experiments 
were carried out. Only the effect upon the pupils was observed. 
Here again it can be summarized briefly that applications of strong 
concentrations as well as of hypotonic solutions of both magnesium 
salts produced invariably a more or less distinct block which was 
quite readily washed out again with Ringer solutions. 

The crural nerve. — A few experiments were made upon this nerve 
with regard to the effect upon the sensation of pain. The results 
were not very satisfactory. We succeeded well enough by the appli- 
cation of the solutions to abolish all sensations of pain, but we failed 
mostly in the protection of the central portion from the narcotizing 
effect of the solutions, so that after their application we usually could 
produce no pain from any point of the exposed part of the nerve 
Neither were we successful in most of the experiments in removing 
the block by washing with Ringer. However, we made altogether 
only a few experiments on this nerve, and did not study it with par- 
ticular care. We should, however, mention the fact that the applica 
tion of a strong solution to the fresh nerve never gave signs of the 
production of any kind of irritation. 

The sciatic nerve. — The effects upon the motor and sensory nerve 
fibres within this nerve were studied simultaneously. Altogether 
not many experiments were made and not so many details and vari- 
ations were elicited as in the extensive studies which we made upon 


the vagus. However the essential point was established, namely, that 


solutions of magnesium salts are capable of producing a block even 


} 
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In such a thick nerve as the sciatic, and this with a solut 
cent of magnesium Suiphate or of 3.1 per cent magnesium ride 
which are about equimolecular with 0.9 per cent sodium < ! ( lt 
usually required a longer period for the solution to produ Lp 
tibie DIOCK In this nerve than in the other nerves we have «¢ 
mented upon. In one experiment the cotton saturated wit 
solution was left around the nerve for twenty-four hours at vie 
tested later it was found that the b k st persist f t 
it | \ 
i) 
strenetns ol rrent as the previo aay the pe nt 
h] ] + 
whit te i block was establish ne ¢ was re 
wound sewed up, it was found atter twenty-! r hour t t 
ductivity of the nerve was completely rest 
In the experiments on the scia nerve it was fo t 
motor nerve fibres have shown somewhat greater r to t 
narcotizine effect of the magnesium salts than the sensory nerve 
fibres; that is, with some currents it was fou that they ] luce 
from below the block contractions and no pain, while ft 
there was pain and some contraction Ilere again our int 
bd 7 1 } 
of this phenomenon is that the motor nerve fib | sess re 
Irritabiuity than the sensory fibres, and correspo ! \ \ Ve 


found that a certain moderate stimulus whi whe! 


J 
to 
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sciatic would not cause any pain yet would produce well marked 
contractions of the muscles of foot and leg. 

The superior cervical ganglion. — The fact that the block produced 
in a nerve by prolonged application of a concentrated solution of 
magnesium salts proved resistant to removal by washing, induced us 
to try the following experiment: In a rabbit the superior cervical 
ganglion was isolated and well exposed and surrounded by absorbent 
cotton. For many hours the cotton was frequently saturated with 
a 25 per cent solution of magnesium sulphate and then removed and 
the wound sewed up. It is now known that twenty-four hours after 
the removal of the superior cervical ganglion a subcutaneous injec- 
tion of adrenalin will cause a long-lasting dilatation of the pupil of 
the corresponding side.!. When injected sooner or when injected into 
a normal animal the pupil remains unaffected by adrenalin. We 
have presumed then that the prolonged application of the solution 
might produce a complete narcotization of the ganglion which would 
possibly last twenty-four hours and longer. In one experiment the 
expectation was realized ; twenty-four hours after the treatment of the 
ganglion with the magnesium solution an injection of adrenalin pro- 
duced a dilatation of the pupil; a repetition of the procedure twenty- 
four hours later had no effect. In this case the saturation of the 
ganglion with the magnesium acted like a removal and the effect 
lasted more than twenty-four hours; after forty-eight hours, however, 
conductivity and irritability were re-established again. In another 
experiment, however, this procedure brought no success; at no time 
did the pupil dilate after a subcutaneous (or intramuscular ) injection 
of adrenalin. In this case either the applications produced no com- 
plete anzesthesia or the ganglion recovered its irritability and con- 


ductivity in less than twenty-four hours. 


SUMMARY. 


Solutions of magnesium salts, even in strong concentrations, when 


to 


directly applied to the nerve trunks of animals, never seemed 
produce irritation. 

By applications of solutions of magnesium salts to nerve trunks 
the conductivity can be interrupted, a more or less complete block 
for afferent and efferent, for normal or artificial, impulses, can be 
established. This can be accomplished by hypertonic, isotonic, and 


1S. J. MELTZER and CLARA MELTZER AUER: This journal, 1904, xi, p. 28. 
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hypotonic solutions. The more concentrated the solution the soone: 


the effect is established. In general it takes more time for the 


nesium solutions to cause a nerve block than for other known loca 
or general anesthetics. The block produced in the nerves t 
magnesium solutions disappears some time after removal I the 


solutions; the recovery of the nerve is greatly assisted by was! 


with Ringer’s solution. 


The solutions of magnesium salts affect the cardiac fibres 1 
readily than the efferent fibres for the cesopl agus and the afferent 
respiratory and vasoconstrictor fibres within the vagus; also the 
sensory fibres within the sciatic nerve are more readily affected thar 


the motor nerve fibres. It is believed that the difference is not due 
to a selective action of the magnesium solutions upon the different 
nerve fibres but to a difference in the irritability of t 


of these nerve fibres. 


| 


THE ELIMINATION OF CREATININ. 


By OLIVER E. CLOSSON. 


From the § La Physi ical Chemistry, 


e HE significance of creatinin as a product of metabolism has 

always been rather obscure. The experimental evidence that 
the creatinin of the urine may be derived in part at least from creatin 
or creatinin ingested, particularly in the form of flesh foods, is reason- 
ably conclusive. The problematic features of the physiological history 
of urinary creatinin involve especially its relation to the metabolism 
of muscle tissue and its possible origin from proteids and other nitrog- 
enous compounds. Regarding the influence of pathological condi- 
tions upon the production or elimination of creatinin the published 
data have been even more conflicting and untrustworthy. For this 
the lack of a thoroughly satisfactory and reliable method of analysis 
until recently has been largely responsible. 

In 1900 Long ! published analyses of the urines of seven vegetari- 
ans, students of the American Medical Missionary College, who for 
more than a year had subsisted upon a diet of bread, fruits, vegeta- 
bles, and prepared cereal and nut foods exclusively, z.¢., upon prac- 
ticaily a creatin-free diet. Eggs were not eaten, and only as much 
milk as was taken with the “cereal coffee” used. The creatinin out- 


put, measured by the Salkowski-Neubauer method, averaged as a 


mean of twenty-four analyses 0.8 gm. per day with an average daily 
urine volume of 874 c.c. and urea output of 28 gm. The individu 
values fluctuated very widely, ¢.g., from 0.087 to 1.58 gm. of 


inin per litre of urine, without equally large variations in the 
output. No data were furnished regarding the body-weights of the 
subjects. Long suggests that the low figures are probably due to low 
food consumption and metabolism. The men furnishing the urine 
performed little muscular work and took little exercise. The mean 


results for daily excretion obtained by the same author? from twenty 


four urines of individuals living on a mixed diet of meat and vegeta- 


? 
1 LonG: Journ f t Amer 1 chemical society, 1900, xxil, p. 592. 
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greater extent than the presence of an excess of methyl groups in the 
form of lecithin and kephalin. 

The most noteworthy contribution to this subject are the observa- 
tions of Folin! showing the remarkable constancy with which creat- 
inin is excreted in man under widely varying conditions of diet. 
This author regards urinary creatinin as by far the most reliable in- 
dex to the amount of a certain kind of proteid metabolism occurring 
daily in any given individnal. In his own words “ the absolute quan- 
tity of creatinin eliminated is a constant quantity different for differ- 
ent individuals, but wholly independent of quantitative changes in 
the total amount of nitrogen eliminated.” Folin has noted that the 
chief factor in determining the amount of creatinin elimination ap- 
pears to be the weight of the person, although the proportion 
between the body-weight and amount of creatinin in the urine is not 
very constant. Corpulent persons yield less per unit of body-weight 
than lean ones, average figures being 20 mgm. of creatinin per kilo 
for the former, while the lean persons yield about 25 mgm. This 
suggests that the bulk of the muscle tissue plays a significant rdle, 
as Burian * believes it does in endogenous purin metabolism. 

Van Hoogenhuyze and Verploegh® have supplemented Folin’s in- 
vestigations with additional data. They agree in finding a parallelism 
between the output of urea and the intake of proteid, without any 
corresponding variations in the elimination of creatinin. Muscular 
work was without influence on the absolute amount of urinary creatinin, 
except in the case of a fasting subject in whom exercise on the tenth 
day of inanition was followed by an undoubted rise in the creatinin 
output on the succeeding days. Here it is to be noted, however, 
that the metabolism of the nitrogenous compounds is undoubtedly 
singularly modified in starvation, the absolute quantities of otherwise 
constant endogenous katabolites like uric acid and creatinin being 
greatly diminished. The essential features of Folin’s contention re- 
garding the constancy of endogenous creatinin elimination, despite 
varying nitrogenous intake of creatin-free food, has also received veri- 
fication by Klercker.*| This author maintains, however, that our 
present ideas regarding the exogenous factors require revision. His 

This journal, tgo5, xiii, pp. 84, 118. 

BURIAN: Zeitschrift fir physiologische Chemie, 1905, xliii, p. 532 

8 VAN HOOGENHUYZE and VERPLOEGH: Zeitschrift fiir physiologische Chemie, 

1905, xlvi, p. 415; also PEKELHARING: Koninklije Akad mie van Wetensca pen 


te Amsterdam, 1g05, September 30. 
4 | 


#4 KLERCKER: Hoft 


} 
} 


The Elimination of Creatinin. 255 


preliminary studies suggest that « 


dependent of each other in their metabolic transformations, each ben 


eliminated again in large part as such, and not exclusively in 


of creatinin, as has hitherto been assumed Chere is, undoubtedly, ne 
of considerable further investigation along these lines. Noel Pat 


has reported a few observations on a dog kept under widely varying 
conditions of diet during eleven days and concluded that in this anit al 
there is a relationship between the production of creatinin and the 
intake of nitrogen. Under more constant conditions Koch? foun 
little variation in the daily average over long periods, a resu 


} rot 


firmed by many observations lately made on dogs in this laboratory 


The first opportunity for the present experiments was aftorded | 
an extensive series of nutrition investigations on man, conducted 
this laboratory two years ago.® Some of the subjects were living 
upon a meat-free (creatin-free) diet and several were upon a som 
what lower “ plane of nitrogenous equilibrium” than is customar 
adopted by the average individual. Professor Mendel therefore 


suggested the desirability of studying the output of creatinin in the 
urine under a so-called vegetarian regime and the influence of 
marked variations in proteid intake and katabolism on this same 
factor. We have also had opportunity to investigate creatinin elim 
ination in a number of other conditions 

In our earliest experiments the Salkowski-Neubauer method, by 
which creatinin is estimated as the zinc chloride compound, alone 
was available. The unsatisfactory character of this reaction, th 
difficulty in obtaining good duplicate analyses and the uncertainty 
regarding the best conditions for reliable results are familiar to all 
analysts. Very lately Van Hoogenhuyze and Verploegh?# have | 
lished an effective criticism of the method. These writers ha‘ 
subjected the simple colorimetric method of Folin,’ used in nearly all 
of our trials, to an experimental investigation and commend it as 
most satisfactory. We have employed the method precisely accord 
ing to the directions of Folin, using the colorimeter of Duboscq a 

1 NOEL Paton: Journal of physiology, 1905. xxxii onclusic 
are criticised by VAN Hooat NHUYZE and VERPLOFGH 

2 Kocu: Loc. cit. 

8 Cf. CHITTENDEN: Physiological economy in tritio 

4 VAN HOOGENHUYZE and VERPLOEGH: Zeitschrift fur phys 
1905, xIvi, p. 415 
§ FoLIN: //id., 1904, xli, p. 222 The met 
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recommended. In several cases comparable figures obtained by the 


Folin and the Salkowski-Neubauer methods were concordant: usually, 


latter cave lower values. 


however, the 


I-XPERIMENTAL. 


I. Vegetarian dietary. —Data were obtained at various times from 
two individuals who had been accustomed to a so-called vegetarian diet 
for a considerable period. The less reliable and somewhat variable fig- 
ures obtained by the Salkowski-Neubauer method will not be reported 


here, only those afforded by Folin’s method being recorded below. 


1. G.M.B \ge thirty-eight ; somewhat frail in physique. This subject was 
under observation for many months, the protocols of dietary, etc., being pre 
sented in detail in Chittenden’s Physiological Economy in Nutrition, p. 109 
fig. He had tasted practically no meat, eggs, or fish during the fifteen 
months previous to the days on which the following analyses were made. 


OMPOSITION OF THE URINE. (Bopy-weicur, 61.5 K1vos. 


Dat \ ne : Nitrogen. (Creatinin 
i 
1904 grams grams 
Apr 610 1.025 7.69 1.05 
85 1.019 7 0.99 
21 1.024 8.25 1.1] 
“ »? 1.019 1.23 
‘ 23 70 1.022 44 1.12 
‘ 24 14) ?] 7.3 
“25 S50 1.018 6.94 1.29 
‘ 7, 1? 
620 1.024 7-1] 1.26 
25 1 O27 38 1.33 
49 1.025 Ly, 1.30 
1260 S 10.20 1 
May 1 OO 1.017 8.7 1.15 
) £10 >= 14 1.22 
- > 1.17 
id 
} 7 1 % 
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n of Creatinin. 


( 
were ace 
cereal f 
g 


2. L.B.M. This subject. age thirty-tw vas not of nt tthet 
when the experiments, recorded in | 
were in progress. H 1 abstain nd « 
’ months. Iwo periods of observat t f 
which the income and outgo of nitr leter i | 
liet at this time in led cer : . fruits t 
sugars, and milk pi ts Durit ( tput 
averaged 0.373 gn r day I om., t 
tself that the dietary so practically purin-free. Prot 
it this time, 1 t Vv prot nt for s t 
( NM Ss] IN 7 
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| 
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} ] 3 + ] 
the results of a study of creatinin eliminatl 


Dr. E. H. Risley. The subject, a young p! 


food of animal origin whatever being consu 


and nut products, all of which were carefu 
13.25 per cent of nitrogen, were added to 


during part of the days the proteid intake 


nitrogen equilibrium. 


3. E.H.R. Professor Mendel has permitted me 
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iysician of slender stature, ha 


mea by him 


lly analyzed. 


i 


COMPOSITION OF THE URINE AND FOOD 


t 


ne usual 


noted that a very wide range of nitrogen intake is here rep 


been accustomed for several years to an exclusive vegetarian regime, 


On May 9, 


and 11, varying quantities of nutrose (sodium caseinogenate), containi 


ls It will 


perimental period the diet included cereal products, maltose, butter, nut 


During the ex- 


made in his laboratory by ’ 

} 
ng 
2nd tha 
Nitrogen Urine t Nitroge Uri 
ntak volume gravit In urine 
1905 grams C4 grams grams grams 
May 3 5.44 10) 1.032 5 4 1.09 0.39 
“4 565 1.025 7S 1.05 0.32 
" 8.55 545 1.024 7.32 1.12 0.38 
P a? nA 
7 S.37 10) 1.03¢ 6.96 L.OS 0.35 
é 8 S40 370 1.034 6.60 1.09 0.27 
“ 9 11.83 470 1.031 9.75 Ll 0.43 
‘ 10 14.97 470 1.033 11.40 1.1] 0.39 
13.7¢ 500 1.033 12.03 1.11 0.40 
8.80 610 1.023 9.00 0.37 
§.5] 560 1.024 7.41 1.19 0.34 
8.54 $40 1.024 7.20 1.1] 0.34 
LS 3.48 360 1.03 4.80 1.08 020 
2.50 380 1.028 4.74 1.09 0.2¢ 
Averag 8.58 $75 1.028 7.67 L.1 0.35 > 


ve 
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ne Gata Risley represent Mos mstant 
put of creatinin hitherto observed in this laboratory on any g] 
individual. These results were obtained despite considerable varia 
tions in the total nitrogenous katabolism and correspond with the 


findings of Van Hoogenhuyze and Verploe 
obtain noteworthy fluctuations in the creatinin output when the total 
nitrogen elimination was considerably augmented 
fifty 
also differ from the variable elimination reported for the dog by 
Noél Paton.? 


The observations on these three subjects leave no doubt that ever 


grams of casein or gelatin to the customary diet. The results 


atter the long continued adoption of creatin-free dietaries the 


(endogenous) elimination of creatinin in the urine may still reach a 


considerable figure. The daily quantities excreted by the first two 

subjects vary little more than do the figures reported Dy Folin o1 

Van Hoogenhuyze and Verploegh for normal persons. The indi 


vidual constants are not widely different, thus 


The last corresponds wi 
eliminating I.15 gm. per day, or 20.5 mgm. per kilo. 

II. Restricted proteid diet In addition to the observati 
the vegetarians of ip I,all of whom were living on a rather low 


intake of proteid, the following figures were ol 


ttained from an indi 


vidual who had, for over a year, been accust 


omed to a nitrogen 


intake of about o.1 gm. per kilo and who was evidently in nitrogen 


ous equilibrium at this level of metabolism 


The subject R.H. rty-s vas ng t t the 
mount of meat and cr - y foods For 
some of s dietar Chitt 1S k 4 tly 

PAT 


L.B.M 17.0 
G.M.B. 
E.H.R 19. 
| 
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First (Bopy-weiGut, 57 KILos 
sSpecine 
Date Volume eras Nitrogen Creatinin Uric acid 
1904 grams grams grams 
Apr ] 2¢ 1.028 $.97 94 0.37 
ae 604 1.025 6.62 0.90 0.55 
‘ 28 1.029 5 1.1] 0.5] 
. 29 $15 1.029 5.28 0.90 0.49 
‘ > ee 
462 1.029 5.59 0.94 0.41 
May l $S¢ 1.027 5.54 0.4] 
2 $095 1.028 +.1] OS¢ 0.32 
) 
‘ 3 S05 1.027 54 0.94 
= + 456 1.026 §.27 0.7? 
5 1 .O2¢ 0.7¢ 0.63 
S! ND PERI (I Y-WEIGHT, 58 Kul 
1905 ce grams gra 
Tan. 19 52 1.02¢ 5.80 0.SS 
20 +1( 1.02S 5.14 OS] 
21 +10) 1.029 5.14 0.82 
— 6K 1.025 6.55 0.90 
$35 1.027 0.95 
24 16 1.027 5.3 0.83 
| “ 2s +15 1 027 5.18 074 
. 2¢ $95 1 O2¢ 5.64 ON 
PERIOD WEIGHT, 59 KILo 
1906 
April 3 355 1.028 +.7¢ OSS 
t 3] 1.027 5.00 OSO 
5 305 5.2% 004 
j 
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A comparison of the creatinin output of G.M.B., L.B.M 
R.H.C. shows a somewhat lower elimination per kilo of body-we 
than has been reported by other investigators. It is to be remem 
bered that these individuals had all been living for many months 
on quantities of proteid presumably approaching closely the minimut 
requirement for each. 


The average daily output of nitrogen for the preceding six months 


or more is tabulated below with other data for compariso 


To these data may be added a comparable series of observations « 


(Chittenden’s book, page fi ) age twentv-sSIX Vears, 


ingested meat in somewhat larger quantities than any of the prece 
ing subjects. The marked variations in creatinin output in this cas¢ 
are doubtless due to changes in the quantities of meat eaten, | 

larly on April 25, 27, and 28. The remaining days fur vel 
age which doubtless approaches the endogenous figure f t 


person. 


| 
57 : 
G.M.B 
) 
L..B.M 69 ( 
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Finally, we may add a few analyses of the urine of O.E.C., 
twenty-four years of age, living four days on a creatin-free diet’ for 


the purpose of this experiment 


COMPOSITION OF THE URINE. BoODY-WEIGHT, 62.5 KILOs.) 


urine with 
ny creatin present into creatinin therefore represents the sum of the 


> creatin in terms of creatini 


the output of twenty-three 


III. The rate of elimination of endogenous creatinin. — In the hope 
of throwing some light on the relation of creatinin production to gen- 
eral nitrogenous metabolism, a number of experiments were made in 
which the urine was collected at brief intervals of two to four hours, 
and the comparative rate of creatinin and tctal nitrogen elimination 
thus ascertained. We were at first inclined to interpret the analyti- 
cal data as indicating a close parallelism between these two factors. 
A more careful inspection of the figures obtained over several days 
on a creatin-free diet fails, however, to establish any such direct 
relation; and it appears more probable that the elimination of crea- 
tinin, like that of uric acid, is independent of the excretion of urea 
comprising the bulk of the nitrogen eliminated normally.! 

The results obtained on O.E.C. are represented graphically in the 
chart on the opposite page. 

IV. The elimination of creatinin in some unusual conditions. — 
1. Children. — Physiological literature contains scarcely any refer- 


ences to the occurrence of creatinin in the urine during the period 


1 For the literature on the rate of uric acid elimination at brief intervals, see 
MENDEL: Journal of the American medical association, 1906, March 31. Similar 


data regarding creatinin elimination are also published by VAN HOOGENHUYZE 


and VERPLOEGH: Z 


Speciti Preformed Potal! U1 
Date \ me Nit ‘ 
crea creat a 
1904 grams grams gram grams 
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+ 734 1.029 10.5 1.28 1.32 0.56 
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of sucklings. Incidentally they noted that the quantities were con- 


siderably smaller in the case of a weak child nourished with cow’s 


milk than in healthy breast-fed infants. 


Our own estimations are confined to two boys: 
A.C. Body-weight, 22 kilos ; age, six years and nine months. He was con- 
valescent from endocarditis at this time, living on a prescribed meat-free 
diet, and taking little exercise. 
COMPOSITION OF URINI 
) 
Che creatinir 
experiment 
P. Body-weight, 27.5 kilos; age, fourteen years. This boy had been a pa 
under the care of Professor Osborne for some time, and represent 
case of diabetes insipidus. Ona diet of vegetables, milk, apples, pastry. 
and coffee, he eliminated, on a typical experimental day, 2510 c.c. 
urine, having a specific gravity of 1.004, with 6.1 gm. of nitrogen, 1.3 gm 
of P.O;, and 0.44 gm. of total creatinin 
2. Observations on suckling animals. —\We have made a few exper- 
iments on the urine of very young puppies and kittens which indicate 
the early appearance of creatinin in the urine of these species. Thus 


in the secretion of a puppy one week old Jaffé’s test was very distinct ; 
and in the fresh urine of a kitten one and one-half weeks old, 0.02 per 
cent of preformed creatinin and 0.04 per cent total creatinin (creatin 
and creatinin) were found. The following data on sucklings’ urine 
also show the preformed creatinin to be considerably less than the 


total creatinin and much more variable. 


Three puppies from the same litter were confined in one cage and the uri! 
collected at intervals. The diet during this period consisted of milk 
Similarly two kittens on a milk diet were subjected to observation. The 


figures below are averages calculated per animal per day 


| 
| 


| 
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3. Acromegaly.— A series of observations made on a cas¢ 
pronounced type are of interest here because the diet was caretully 
regulated and various other features were studied by Profess 
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SUMMARY OF OBSERVATIONS 


Here, too, a striking constancy in the output of total creatinin on a 


creatin-free diet is observed, the large figures corresponding, in ac- 
cord with Folin’s hypothesis, with a large mass of body-tissue in the 
90 kilo subject. The relatively high output of endogenous uric acid 
on a purin-free diet was a noteworthy feature of this case.’ The large 
output of P,O, in the third period can be traced to the milk taken, 
and is thus of uncertain significance. 

V. Summary and conclusions. Our observations clearly indicate 
that creatinin is an unfailing constituent of the urine from an early 
period in man, the dog, and the cat; and, independent of the inges- 
tion of creatin and creatinin, it forms a characteristic endogenous, 
katabolic end-product. The experimental] data contributed in this 
paper are in accord with observations of Folin and others in showing 
a fairly marked uniformity in the quantity of endogenous creatinin 
eliminated by any individual under variable conditions of diet. Fur- 
thermore, they are not essentially at variance with Folin’s opinion 
that the excreted creatinin is quantitatively dependent upon the mass 
of the active body tissues, and therefore to a certain degree propor- 
it. Arranged in order of this factor, the fol 


} 
| 


tional to the body-wei: 


t \ ‘ N 
i + grams grams grams grams 
lav ] 1S 0.63 1.7] 
eatin-tr 
ly rl 
II] 
ine 12 10S 1 026 10.3 100 0 4 ) 
| Bods weight, 90 
1280 1.021 10.7 0.74 1.55 3.27 kilos. strictly 
| ir i eatit 
14 1.027 10.7 2. 2 tree 
| 
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The figures for the mean values of the daily excretion of 


are, perhaps, somewhat lower than the data of Folin lead « 


pect, most noticeably, perhaps, in those adults, R.H.C. an 
who were living exceptionally close to the minimal proteid re 
for man. In these cases, however, a much lower daily ou 


actually noted might have been expected if, aS some have 


creatinin elimination is more directly proportionate to the t 


genous metabolism. 


Finally, a few records have been presented to indicate 


elimination of endogenous creatinin in contrast with tha 
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DY OF THE METABOLISM AND PHYSIOLOGICAL 
EFFECTS OF CERTAIN PHOSPHORUS COMPOUNDS 
WITH MILCH COWS. 


\ ) LN. \ \'] rEN 
1 
INTRODUCTION. 
E metabolism and functions of the ash ingredients of cattle } 
foods have received relatively little attention from scientific 
investigators up to the present time. This is true even of so impor- 
tant an element as phosphorus. So far, investigators have given 


ittention chiefly to studies of the metabolism and functions of 


he compounds included in the three classes, proteids, carbohydrates, 


and fats. There is every reason for believing, however, that some of 


the elements which appear in plant ash sustain just as important 


practical relations to animal production of various kinds as do nitro- 


ren and carbon in their various combinations. 


The purpose of the investigations herein reported has been to 
dy some of the nutritive relations and functions of the phosphorus 
compounds of cattle foods. The results reached in the preliminary 


stages of this work have already been reported in bulletins Nos. 238 


, in which certain conclusions as to the status of phosphorus 


ling stuffs are set forth. 


The problems studied. Our problem, as first conceived, was the 
narrow one of the food compounds used by the animal for the forma- 


the phosphorus-bearing proteids such as are found in flesh, 
ind eggs. It was thought, if nucleo-proteid synthesis does not 


occur in the animal body, that in the case of cows and hens where 


phosphorus-bearing proteids are formed in great abundance in the 


nd eggs, the kind and quantity of phosphorus compounds in ) 


the ration might have an important influence upon production. As 


it was believed that cattle and poultry foods probably contained bot 


inorganic and organic phosphorus bodies in greatly varying relative 


‘heir 
in fec 

tion o 

m ake 


tion of phosphorus-bearing proteids, at 
with cows and hens, milk and eggs being 1 n these bo 
Our views of the conditions attending our pr sed investigatio1 


were much modified 


phorus compounds of the various grains and 1 r by-pr ict fF 
Bulletin No. 238 of this Station! it was first shown, and late 


firmed by Schulze and Castoro.? that in normally grow et 


plants the phosphorus exists in seeds oa ’ 
tions, while in the straw a small proportion Irs 
It was also shown in a later bullet that wheat bran, the it 
layer of the wheat kernel and rich in phosphorus, tains practica 
ull of this element in an organic combination of an entirely tferent 
) nature from either the nucleins or 

[his bran body is an organic acid radica wit 
magnesium, and potassium, and is probably ident with the com 
pound Posternak # isolated from other plant tissues, and to w » he 
cave the name of phytin Phytin is widely distributed in nature 
und has been found in the seeds of red fir, pumpkin, pe 
vhite and yellow lupines, potatoes, and wheat 

It can be completely or nearly removed from wheat b1 yy mere 


washing with water, but more easily by allowing the br to undereg 


i slight acid fermentation followed by leaching with wat It is t 
fact that allowed us to prepare a ration very low in its osph 
content. 

GENERAL INVE \ 

Our studies for the past two vears have beer mnducted witl 
milch cows, and in connection with observations that are to follow 
have been arranged in accordance 1e followi eral pla 

Bs Feeding to the same animal, during 1oOFrt erio I 
time, rations differing greatly in the amount of phosphorus which 
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270 lV’. iy. Fordan, B. flare. QANa Patt 

they supply, this variation in phosphorus content to be brought 
about, as far as possible, by selection of the components of the ration, 
but the differences in the quantity of ingested phosphorus to be 
intensified both by special treatment of the ration and by adding t 
it particular phosphorus-bearing bodies, the effect of whic it Is 


lecirec | 
desired to study 


2. Modification of the phosphorus content of the ration by varia- 


tions, as far as possible, in the amount present of a particular phos 


phorus-bearing body 


2 The changes from a hich to a low p] horus ration » | bot} 
- ne changes from a high to a low phosphorus ration to be I 


g 
abrupt and gradual. 

4. The maintenance of the rations on the same nutritive plane, 
excepting in the variations of the phosphorus content. 


5. The feeding of weighed and carefully sampled rations, and the 


collection and weighing of the excreta and product, to be accompa 
nied by such chemical determinations as are essential to the solutio 


of the problem in hand. 

It was expected that this plan of work would furnish data on the 
following points: 

1. The amounts and kinds of phosphorus-bearing bodies in certair 
cattle foods (already published ). 

2. The transformations and distribution of phosphorus-bearing 
bodies brought about by the metabolic changes in the animal 

3. The influence of the supply of phosphorus compounds, both in 
kind and in quantity, upon the physiological status of the animal, 
and upon the composition and yield of product, whether milk ot 
otherwise. 


The rations. — The first matter requiring attention in the experiment 
was the selection or preparation of foods containing small amounts of 
phosphorus. It was found that rice, wheat gluten, and oat straw 
were as low in phosphorus as any feeds that could be selected and 
these, combined with the washed wheat bran, constituted the rations 
low in phosphorus. 

[he extraction of phytin from the wheat bran was easily accom- 
plished. The bran was allowed to soak over night in warm water, 
a slight acid fermentation being induced. When the water showed a 
slight acidity to litmus, the bran was placed in sacks and thoroughl\ 
leached with more water. After being air-dried it was ready for use 


The high phosphorus rations were made up from oat straw, 


hominy, or rice meal, whole wheat bran and wheat gluten. Through 


) 
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the use of the wheat gluten which contained fr ,, 7 
protein, it was easy to regulate the prote s : t 
it fairly uniform in the rations compared 

The management of the experiments. Che 
tion stood by themselves in a warmed room esp rra te 
experimental work. They were fed from a m ! vhi 
allowed the attendant to recover al] uneaten f Che da 
was given in three equal portions, morning, it Wate 
was Offered at stated times and the animal was w hie the s 
hour each day. Two men were employed for lection of t 
excreta, one during the night and the other t I 
excreta were caught in tin vessels, the one us¢ the urine 
so constructed as to prevent loss by spattering e was a loss of 
urine in but a single instance and that was sma | we f 
urine and feces recorded represent that wh \ 
twenty-four hours, from six o'clock a.m. TI iS I 
four times a day at as nearly uniform times as p1 e, \ Seve 
A.M., noon, five P.M., and midnight 

Method of sampling and analysis. The t S owe we 
at several different times during the course t expel 
each time this was done samples were taken of ( s feeds 
rhe similarity in composition of these seve: ite t 
the mixing and sampling were thoroughly accomplish« Ther 
urine, and faces were taken directly to the labo Imm 
ately weighed and sampled, excepting that the n nd night's 1 
was kept in an ice box until morning, when the product fe entire 
day was thoroughly mixed together and sample keserve samples 
of milk and urine were always kept, fermentative changes in thes 
being prevented by the use of formaldehyde and t The faces 
were thoroughly mixed by prolonged stirring fi nd sar 
of the fresh material were taken for drying and for nitrogen deter 
nations. These samples were dried over steam coils tempera 
ture not exceeding 60° C 

In general the analytical methods of the A.O.A.C. were followe 
During some of the time the fat in the milk was estimated both by 
the Babcock and ether extraction methods. Neumann’s met] vas 
used in all the total phosphorus determinations. Tor the separation 
of inorganic from organic phosphorus the met] es ed in Bulle 
tin No.238 of this Station was employed. This met ils ea 
opportunity to estimate what we have calle fixe | horu 
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and which probably quite closely represents. the phosphorus of 


the true nucleo-proteids and nucleins. In the urine only total phos- 


phorus was determined, as attempts to separate inorganic from 


organic forms, even if the latter existed in appreciable quantities, 
were futile 

The experimental animals. The animal (cow 1) selected tor use 
In our first experiment was a vigorous grade Holstein. Her weight 


was approximately 1100 pounds. When the experiment began she was 


in fair flesh and about three months advanced in the period of lacta- 
tion. She possessed a vigorous appetite, a characteristic which we 


+ 


regarded as essential to the entire consumption of the ration contain- 

ing the washed bran because of its probable lack of palatableness. 
Che animal (cow 2) used in the second and third experiments was 

also a vigorous grade Holstein, weighing 966 pounds and in good 


condition when placed in the experiment, and was from one to two 


months advanced in the period of lactation. She manifested a good 
appetite throughout the experiments and consumed daily all the food 
offered. Her health remained apparently unimpaired by the food 


and treatment which she received. 


Extensive data were necessarily recorded in experiments involving 


such numerous weighings and analyses during periods of two months 
i 


Or more in each experiment. The figures herewith presented are 


confined to those which are essential to a critical analysis of our 


conclusions. 

The tables are made up either of daily records or of averages for 
certain periods and cover those times when it was believed that the 
animals had adjusted themselves to the ration being fed. In some 


cases the effects of the transition periods are shown. 


Experiment 1 (1904). [his was a comparison of the effect of rations differ- 
Ing greatly in their phosphorus content, especi lly In phytin phosphorus. 
The essential diff s in the two rations compared in this experiment 
were brought about by substituting washed bran for the unwashed. 


The character and sequence of the rations in the first phytin ex- 


Rati 1. — The low phosphorus ration was fed from noon, 


periment. — A 
March 8, to the morning of March 17. The animal had been slowly 


t rat y preliminary feeding for nine days previous to 


Drought to WS I 
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Ration 1. I WwW | phorus ration was fed from no Mav 2 
the morning of June 17 

phorus ration, the latt ig fed from 1 


lis experiment covered on indred a t | t 
ind analysis of the urine and feces covered seventy-o1 \ 
done continuously during fifty-four days \ 


was made daily 
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Oat straw. 
Wheat gluten 
Rice 

Washed bran 
Whole bran 


Hominy 


per cent 
] S.29 


per cent 
2.34 


72.12 
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per cent r¢ per cent 
1.87 15] 0.082 


OOO) 
0.07¢ ) 0.000 
0.099 13 0.000 
0.004 


| 
TABLE I 
THE RATIONS FEI 
Ingredients Ration ] Ingredient Rat . 
Oat straw 10 lbs Oat straw lf 
W ashe brat W hole brar 10 * 
Ree 6 Hominy 
Wheat glute: 1} Wheat glute: 
Tota 274 Ibs Tota 26 Ibs ) 
rABLE II 
THE COMPOSITION OF THE FEEDING STUFFS USEI 
Phosphorus 
= Feeds Water. | Proteir Fat 
Total Soluble Inorganic } 
per cent 
| 
7 7.71 1.39 
3 14.05 8.37 0.33 
5 7.23 11.19 4.07 
12.13 14.50 442 
| 14.4] 9.25 0457 0.27 
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rABLE III 
QUANTITIES AND PERCENTAGES OF DiGESTIBLE NII EN AND | Mari 
matter daily Nitrogel 
Dat P fe 
1, 
Digested I [dig 
ta 3 
grams grams grams per cent grams grams pe nt 
March 10-16 12 2872 67.7 17 7] 
April 12-15 LOUSY 62.5 } d 
April 25-May |] 16.0 $47 ss 
May 9-15 33 14 6] 215 64 70.) 
May 22-26 21.4 11335 645 216 7 
1} 2<4 4227 »? 6,2 
PERCENTAGE ( J MILK i H HIG N 
PH HOk NGI N ING A TRA l ERI 
i n K i milk 
] P 
Date fed Date fed 
= 
lally = ally = 
- 3 - 
grams p.c p.¢ grams | p. ¢ 
May9 | 83.0 2.65 2.25 | 3.25 5.64 1154 Mav22 2] 2.16 2 1067 
10 830 264 6,8 1] ? 23 2) 2.67 | 2.23 | 2.15 | ¢ ] 
1] wa: »? 17 4 ) »? 
12 R30) 2.00 1] 25 1.0 12 ? O¢ 
13 S3.0 262 15 3 i2 1.69 26 21.0 iY 4 if 
14 $3.0 2.61 2.22 3.2 L1.5¢ 21.0 269' 229 24 
15 83.0 2.25/13 5 34/1] 15 ¢ | 2.26 69 
l¢ 69.0 | 2.68 2.18 | 2.851 § 11.56 29 15.6 2.70 2.34 2 11.) 
17 55.0 2.60 2.17! 2.40 » 11.54 1S ¢ 263 f > 11.] 
8 36.0 2.59 220 2.25 5.91 11.35 15.6 2.73) 2.34 290 5.83 11.3 
) 19 290 259 21) >>) 6.07 11.06 Tur ] 15. 7 11.47 
20 21.0 2.68 2.25 2.10 5.97 10.87 2 156 255 216 27 11.28 
21 10 | 262 2.1 2.20 1 10.73 
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TABLE 
PERCENTAGES OF VARIOUS FORM F PHOSPHO! IN THE MILK 
i In milk In milk 
I 
Date fed . [ate fe 
rt t 
ta | i 
grams per cent per cent per cent grams per cent per cent per cent 
Mav 9 83.0 0.082 071 0.063 . May 22 214 0.094 0.071 69 
| S3.0 0.078 0.068 0.066 23 214 0.09] 0.074 i 
1] 0.083 0.066 0.056 4 2] ) 
1? Q2 0.076 0 065 O.OS9 25 21.0 U UY i+ 74 
13 S30 OOS3 0.065 0.06] 2¢ 21 U.UY il 7 
14 OOS3 0.070 0065 27 214 1.09 O7 ) 
15 83.0 0.084 0.064 0.06: 28 154 OY 0.077 7 
69.0 0.083 0.067 0.065 1S 09] 0.07 
17 O6F 0.063 OSY 0.071 
1S 56,0) 0.086 0.068 3] 73 
19 29.0) 0.079 0.07 063 ne ] 1S ¢ 0.092 6 
0.08 0.066 0.065 79 0.075 
0093 067 0.065 
TABLE VI 
Porat PHOS! us \NCES 
Daily i and outg f 
In facce Inn 
grams arama grams grams grams 
March 10-l¢ 12.8 927 S 4 14.2 0.10 
. 
April 12-18 78.7 704 55.70 11.0 2 
\pril 28-May 1] l¢ 23.8 13.29 0.37 
la 6.4 + ) 
Mav 22-26 214 22.7 13.0 0.1] 
June 18-24 94 
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¢ 
Date f 
I 
gran grar é 
March 10-l¢ 
\pril 12-1] 7 +4 ; 
May 9-15 7 
) 
Dis N 5 
} 
M 1O-1¢ 
April 12-] 
May 9-15 
Mav 22-2¢ 
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to 
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rABLI iN 
DISTRI N AND BALANCES OF INORGA PH HORI 
Daily inc ea t phosphorus 
f | 
i i 
Fed. : ‘ In faeces In milk In urine i 
utgo 
grams grams erams grams grams grams 
Mar LO-1¢ 12.8 2.63 14.2 2.8 11.3 0.10 | 
| 
April 12 78.7 2.60 566 $+. ] S.6 3.90 
April 28-May 16.0 2.60 13.1 19 79 0.37 
Ma $3.3 2.60 57.2 15.6 67 +.90 
May 22-26 21.4 550 12.7 26 10.0 0.1] ; 
j 
June 18-24 15.1] 3.40 11.9 3.2 8.6 0.12 | 
TABLE X 
R \1 rw N NITROGEN ANI H Ovl 
Nitroge daily me al itgo of |} sphorus 
Sol Inor Potal Solu In 
Fe ible} gani ble! ex- ganic ex 
fe reted. creted creted 
2Trams grams grams arams grains grams gramme grams 
Mar 10-16 178 190 12.8 5.18 26 27 16.2 14.2 
\] ril 12-18 209 205 78.7 33.70 26 70.6 60.8 56.7 
April 28-May | 215 215 16.0 6.90 2.6 23.8 15.2 13.1 
May 9-15 215 208 3.3 54.7 2.6 70.4 62.9 57.1 
May 22-26 at 200 21.4 7.27 5 22.4 1+.9 12.7 
1 The soluble includes the inorganic 
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Discussion of results of Experiment I Lhe 


what concise statement of the main results of 


ment, a fuller discussion being reserved until 


the outcome of further experiments : 


ty 


some- 
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TABLE 
EFFECTS OF THE INGESI F PHOSPHO ( HE | y 
\ F THE MILK, SH N 
Date 
| Proteids. Ca Fat Suga 
grams per cent per cent pe ent ’ t 
| March 10-16 } ] 
‘ 
| \ is 
| 
May 9-15 6) |: f 
Late ir 
| 
| grams ar IT. gran 
March 10-1 12 16335 ( 1974 
\ pril 28-May ] 16.0 12027 1 24% 
May 9-15 3.3 110] 37 f 
Mav 22-26 14 13833 (7.4 149 147 
lune 10-16 . 15.] (43 13¢ ) 
Tune ]S-24 SO.7 4? 
the 
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\. Lhe comparative nutritive value of the rations. —It is shown by 
the figures of Table III, that outside of the changes brought about 
by washing the bran there was nothing in the kind, quantities, or 
variations in the nutrients fed that’ could account for the different 
effect of the tworations. The digestible dry matter consumed varied 
from 13.3 pounds to 16.1 pounds daily, of which from 2.6 pounds to 
2.9 pounds consisted of digestible protein. In no period was the ra- 
tion so scanty as to produce abnormal results and the changes in the 
quantity of digestible dry matter and protein eaten did not especially 
favor either ration. 

2. The amounts and forms of ingest d phosphorus in the tu 
tons. — The amounts of phosphorus ingested in the several periods 


varied greatly, ranging trom 12.8 gm. to 21.4 gm. daily in the low 


phosphorus period, the daily quantities in the three high phospho- 
us periods being 78.7 gm., 83.3 gm., and 80.7 gm. These differences 


were brought about chiefly by removing the phytin from the bran, 


62 per cent to 65 per cent of the phosphorus supply in ration two o1 


from 51 to §2 gm. daily being carried in this compound. The daily 
amount of fixed phosphorus in ration two varied from 24.4 to 28. 
gm., or from 31 per cent to 34 percent of the whole. The quantity of 


proteid phosphorus in this ration was two or three times greatet 
than that of ration one, because of the fact that the unwashed bran 
and hominy feed contained much more phosphorus in insoluble 
forms than did the washed bran and rice. The amount of inorganic 
phosphorus fed, which was found entirely in the straw, was very 


small and was uniform in quantity. It is clear, therefore, that 


studying the compa! itive effect of these two rations as far as phos 
phorus compounds are concerned, our attention should be fixed 


mainly upon phytin and what we have designated as the fixed phos- 


phorus compounds or what doubtless approximates very closely to the 
nucleo-proteids and nucleins. (See Tables VI and VII.) 

2. The relation tn amounts and forms OF the meceste ad and thi 
creted phosphorus. — The amount of outgoing phosphorus followed in 


a general way the quantity ingested, but within narrower limits. It 
is interesting to note that the animal excreted considerably more 
phosphorus than she received during the time that the washed bran 
ration was being fed. The fact is worthy of record that she was 
maintained in an apparently healthy condition on a ration which 
supplied 21.2 gm. of phosphorus daily from May 20 to May 26, and 


only 15.6 gm. daily from May 26 to June 16, and at the end of the 
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[n our attempts at transition from one ration to the other we soon 

rned that it was not possible to change the cow suddenly froma ra- 
tion rich in phytin to one low in this compound and keep the animal in 
normal health. Such a change caused her to become seriously con- 
stipated and recourse to a purgative was necessary. When the 
change from the unwashed bran to the washed bran ration was made 
slowly the animal gave no evidence of serious disturbance of health 
and appetite but the faeces always became much darker in color and 
much dryer. 

Che removal of the phytin from the bran had the effect of materi- 
ally diminishing the volume of urine. Marked changes in the amount 
and character of the milk secreted were also observed. The transi- 
tion from the high phytin to the low phytin ration caused an in- 
crease in the volume of milk accompanied by very large decrease in 
its percentage of fat. As shown in Table IV, the maximum de- 
crease in fat amounted to 1.4 per cent and kept pace with the with- 
drawal of phytin from the ration. The total solids decreased about 
0.8 per cent. Table IV also shows that the maximum decrease in 
the percentage of fat was not permanently maintained but that even 
during the feeding of the low phosphorus ration there was a slow 
restoration of the proportion of fat, although the percentage did not 
rise to as high a point as was found during the feeding of the high 
phytin ration. (See Tables IV, XI, and XII.) 

6. Influence of the two rations upon production, — Although the in- 
crease in milk flow tended to counteract the decreased percentage of 
fat, nevertheless the total fat production in a given length of time 
was considerably lessened by the substitution of washed bran for the 
unwashed. Similar results did not obtain with the total solids and 
casein. (See Table XII.) 

7. strum period. — It is a very suggestive fact that the cestrum 
appeared with this animal for the last time on June 12, a disturbance 
which followed a long-continued feeding of the washed bran ration. 
Whether the cessation of this period was in any way connected with 
the removal of the phosphorus and its associated elements from the 


bran can be at present only a matter of theory. 


Experiment 2 (1904-5). This was a comparison of rations carrying unlike 
juantities of nucleo-phosphorus, with minor differences in their phytin 


content. As stated, our original plan involved mainly a study of the in- 


fluence on milk secretion of rations, rich and poor, in nucleo-phosphorus. 
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two rations t \ 
content oft tic r + 
stance t Variat Ww far 
compound I te val 

nucle )-prot } ns 


com t f wing 1 
sist x rice, ral oat st 

mie n order t t vy of 

ssuming, Of that t ‘ \ 


Character and sequence of the rations 


period Ration 1 was fed for sé ' 
Ration 1. Maximum a nt of 
with this ration were cun at noon, I) 
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rABLE NIII 
Hi ‘ ky 
HE R 
[ ents I t l ing t 
Oat straw Oat straw 
Washe Wac 
rABLE 
Feeds Wate Protein Fa 
Pot Solubl Inorga 
per cent per cent percent . per cent per cent per cent | 
Washed bran 10 1093 +13 0.145 084 0.00% 
Rice mea 13.04 7.25 O74 0.006 000 
( n germ mea S. 22.50 S17 0.27] OO 
W it glute f 72 ) 1.44 1,073 (x 


~- 


ecls MOUSPHOI S Compounds ( ‘. > 
ABLI \ 
grams grams en 
¢ 44 
} \ 
I DAILY CoM MILK HH 
Late 
Jan.1 37 2.53 2.06. 285 1 10.89. I 73 2 
2 37 2.53 5] 10 j ) 
29 53 203 2.80 5.56 ) 74 27 7 69 
258 2.06 1 11.24 } ] ) 34 
5 23 2.63 2.18' 2.65 5.44 10.72 
6 IS 2.44 | i Za f » 1 109 
7 $2.65 210'2.40 5.67 10.72 7 / 10.7 
1S 275 212 5.44 10.69 f ] 70 
| &47 ( | »4 
18 265 2.13 67 10.87 } 
1O; 18 = 2.73 2.18 | 2.45 67 10.4 
1] IS 269 2.15 | 2.70 5.52 | 10.9] 1} 7 
12 IS | 2.73 2.16} 2.75 17 10.9 12 j 
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ALLI 


\BLE 


HOSPHORT 


XVII 


XVIII 


BALANC! 


per cent 
0.109 


grame 


id 


PERCENTAGE F VARIOUS FORMS OF PHOSPHORUS IN THE MILK 
In milk In milk 
I P 
Date. fed Date fe 
daily Inor S I 
ganl uDdic Cal 
grams per cent per cent per cent grams per cent per cent 
Dec. 3¢ 37 0.102 0.083 0.072 Jan 6 18 0 0.071 
3] 37 0.104 O.0S8 0.07] 7 1S 0.106 0.0S4 0.074 
Jan. 1 37 0.103 0.083 0.065 8 1S 0.104 0.085 0.074 
2 0.102 0.0SO0 0.07] 1S 0.104 0.078 
3 32 0.100 0.0S4 0.069 10 18 0.104 0.083 0078 
4 27 0.103 0.08] O 067 ll 1S 0.104 0.082 0.069 
5 23 0.104 0.08] 0.068 12 1S 0.107 O.0S7 0.073 
| 
Daily income and outgo of phosphorus 
Total 
In faeces In milk In urine 
grams grams grams grame 
Dec 27-Jan. 2 37 24.4 0.12 
Tan. 13-19 1 30.2 11.6 18.5 0.09 
Jan. 27-1 2 37 39.8 22.1 17.6 0.07 
Fe LO-1¢ ‘ 20 29.2 10.9 18.2 0.07 
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| rABLE XIX 
DISTRI N BALANCI F N 
me a t f 
Date P¢ 
grams ams grams grams ams Ar 
Dec. 27-Jan. 2 37 114 34 
Jan. 13-19 . Is 97 6.) 
Jan. 27-Feb. 2 7 21.2 11.4 7.9 . 
Feb. 10-16 . 11.4 10.5 0.0 
TABLE XX 
1) I BUTION I J NCH SO! LE OF N 
T) me an 1 | 
Date P fed 
laily 
In fa Int 
| grams gTam grams grams gramme Ames 
Dec. 27-Jan. 2 37 11.1] 3.3 1.4 19 
Jan. 13-19 +.] 3.2 1.4 OK 
Jan. 27-Feb. 2 7 11.2 3.2 0.0K 
Feb. 10-16 20 +. 2.9 0.7 0.00 
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rABLE XNI 
Dist I ; AND BALANCES OF IN PH | 
Daily i me t ! | ; 
lot 
i ii¢ i i 
net In fa 
itgo 
grams grams grams grams grams grams 
I) 7-Jan. 2 +.7 27.3 15.0 12 12 
Jan. 13-19 1.7 17.3 +] 13.1 0.09 
2 +.7 12.7 12.5 07 
Feb.10-16... 1.7 4 0.07 
TABLE NNII 
REI rv N11 EN AND P 
Nitrog Dails of 
Dat 
grams gram grams grams ran grams 
-] 2 2% 17 7.3 15s 17 1? 7 2 
Jan. 13-19 70 18.2 17 2 17 
Jan. 27-Feb. 2 229 12 7.3 1.7 
soluble inclu St 
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pounds. The low phosphorus ration carried in all cases more digest- 
ible protein than did the other ration. The supply of nutrients was 
abundant at all periods. (See Table XIII.) 

2. The amounts and forms of ingested phosphorus im the two 
rations. — The quantities of phosphorus compounds which the two 
rations carried were not so greatly unlike as was the case in the first 
experiment. In both periods of the higher phosphorus feeding the 
amount of ingested phosphorus was 37.3 gm., while in the other two 
periods the quantity was 18.2 gm. and 20.2 gm. respectively. The 
proportions of the various classes of phosphorus compounds in the 
two rations were quite unlike what was found in the first experiment. 
Approximately 57 per cent existed in forms insoluble in dilute hydro- 
chloric acid or what we believe to be chiefly nucleins and nucleo- 
proteids. Thirty per cent existed as soluble organic phosphorus in 
Ration 1, and from 23 to 24 per cent in Ration 2. The inorganic 
phosphorus remained practically a constant quantity in the two 
rations, viz., 4.7 gm. daily. This experiment was also unlike the first 
one in that the two rations differed chiefly in the quantities of insolu- 
ble phosphorus compounds which they carried rather than in the pro- 
portions of phytin. (See Tables XVIII-XXI.) 

3. The relation in amounts and forms of the ingested and the out- 
going phosphorus. — In no period was the quantity of ingested phos- 
phorus equal to the outgoing amount. With Ration 1 this deficiency 
was from 2.5 to 4.7 gm. daily, while with Ration 2 it was 12 gm. in 
one period and g gm. in the other. These data furnish another 
illustration of the fact that a cow is able to make good a phosphorus 
deficiency in the ration from the store contained in her body. We 
regard it as unfortunate that in this experiment we were not able to 
feed an excess of phosphorus compounds in the high phosphorus 
ration. 

In regard to the proportionate distribution of phosphorus com- 
pounds in the ingesta as compared with the egesta, the facts are 
essentially similar to what was found in the first experiment. The 
quantity of excreted phosphorus increased and decreased with the 
amount fed, and as in the first experiment the variations in the out- 
going amount were found to occur chiefly with the proportions of 
inorganic forms in the egesta. (See Tables XVIII-XXI.) 

4. Distribution of outgoing phosphorus compounds in the milk and 
egesta. — The variations of the outgoing phosphorus are again found 


to occur almost wholly in the faces through a rise or fall of inorganic 
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forms. This second experiment furnishes no evidence of changes in 


the distribution of other forms of phosphorus in the milk and egesta, 


due to variations in the quantities of phosphorus compounds in the 
ration. (See Tables XIX-XXI.) 

5. Phystological effects due to variations in the phosphorus boa f 
the two rations, — There is a marked difference between this exper! 
ment and the first one in the extent, at least, of the physiological 
disturbances observed. The results are alike in that the amount of 


phosphorus excretion had no effect upon the storage or excretion of 
nitrogen. Theresults are unlike in the influence of changing rations 
upon the health of the animal and the condition of the faeces. Nothing 
like constipation was observed, nor was there any marked change in 
the condition or color of the faecal discharge 

There was a perceptible, though not marked, variation in the vol 
ume of urine in the several periods, the change being in the reverse 
direction from that observed in the first experiment. In other words, 
the volume of urine was larger with the smaller phosphorus supply. 
The fact that the low phosphorus ration in this experiment carried 
the larger amount of digestible protein may in part account for this 
increase in the volume of urine. 

An examination of the figures shows that the volume of milk was 
somewhat larger during the low phosphorus period, and that there 


was a small but perceptible lowering, for a time, at least, of the per 


centage of fat in the milk. These changes are small, however, and 
not nearly as emphatic as was the case in the first experiment. (See 
Tables XXII-XXIV.) 

6. Effect of the two rations upon production. — While the production 
of total milk solids, as well as of casein and fat, varied somewhat in 
the different periods, the data do not consistently show that these 


changes were due to the influence of the food. (See Table XXIV.) 


Experiment 3 (1905).— This was a repetition of Experiment 1, and involved 
marked variations in the phytin content of the ration In the exper 
ment of 1904 (Experiment 1), in which the rations were chiefly made to 
differ by the substitution of washed for unwashed wheat bran, thus caus- 


ing very large variations in the phytin content of the food, certain very 


remarkable results were obtained, which should not be accepted as final 
without substantiation through further observations. Consequently, it 
seemed wise to repeat the phytin experiment, and, as the animal used in 
Experiment 2 had become accustomed to experimental conditions and to 
the washed bran ration, it was decided to continue work wit el 


W. 


Fordan, 


The components of the ration, outside 


and wheat glute1 lo these basal feeds washed bran was add n cer 
tain periods and unwashed bran in others. In the first experiment, when 
the change was made from the washed bran to the unwashed bran ration, 
hominy feed w substituted for the rice meal In this experiment th 

Substitution ad | not take p ic¢ | it the rice meal was continu n rt 

rations. By this arrangement the variations in the nucleo-prot tent 
of the rations were not emphasized by the substitution of h ny il for 
the rice \s in the other experiments the protein supply was regulatec 
by varying t juantity of wheat gluten. 

Character and sequence of the rations. Reference to t leo- 
proteid experiment shows that the cow during the last period of that ex- 
periment was fed the washed bran ration. It was necessary, therefore, that 
in the first period of this second phytin experiment there should be f 
ration containing unwashed bran. 

Ration 1 \t noon, on February 16, the cow was denly changed 
to the ration containing the unwashed bran. She cons 1 the entire 
ration on the 16th, and two portions of it on th 7 nd refused the 
third portion. It was thought that possibly the of the bran was 
the cause of this refusal to eat, ind, cons¢ jure bran of superior 
quality, procured from a nearby mill, was tried, but with no av Phe 
cow continued to refuse the ration during the 18th and 19th in the 
2oth she was offer small portions of washed bran, which were eaten wit 
a keen appetite. It was clearly indicated that t idden introduction 
into the ration of certain bran constituents was responsible for the chang 
in the animal’s appetite Her health did not seem to impair She 
was not feverish, and, while her feces had become somewhat softened in 
consistency, there was nothing in her outward appearance that indicated 
in abnormal condition of health During this time of impaired nutrition 
the flow of milk was considerably lessened, as was the excretion of faece 
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TABLE XXV. 


PHI 
Ingredients. Nat Ingredients 


Oat straw... Ibs. Oat straw 
Bran. . Washed bran. 
Rice meal 


Wheat gluten 


TABLE XXVI. 


FEEDING 


Water Protein. Fat 


Total oluble Inorganic. 


per cent per cent per cent per cent per cent per cent 
Oat straw 10.62 5.74 1.80 0.198 0.132 0.088 


Bran. 3 9.06 14.25 +.40 1.27 0.899 0.000 
Washed brar ; 2 0.050 0.000 
Rice me: , 26 37 0.007 0.000 


Wheat gluten 0.032 0.000 


Ration 2 
10 
7 
28} lbs Total . 29 lbs. 
THE COMPOSITION OF ING Strurrs USED 
P sphorus 
Feeds. 


Effects of Phosphorus Compounds wi 


rABLE XXVII 


March 


March 3 


3 
QUANTITIE AND PERCENTAGI DIGES Nr [EN AN | 
Dry matter daily Nitr 
Dat 
I 
Fed Digeste 
Teces tx 
gTams grams grams per cent gTams grams per t 
77 11454 3523 69.3 254.7 j 
O-April5 . l 11805 4282 
TABLE XXVIII 
PERCENTAGE DAILY Com ITION OF THE MILK WITH HH Low 
PHOSPHORUS INGESTION, INCLUDING TW RANSI PEE 
In milk ] } 
P 
Date fed Date fe 
daily = daily 
grams p p. ¢ p. p. grams F 
Mar. 16 3.271269 3.40 12.25'| May 2 65 3.21 2.63 3 «12.37 
17| 77 | 3.03| 2.60| 3.25 | 5.78 | 3 54 11 | 2.57 | 3. 16 12.22 
18 77 2.93 | 2.33 3.25 5.42 11.60 $3 309 2.54 3.S¢ ( 
19 65 2.92: 2.37 3.20 5.34 11.46 5 >] 3.16 2.64 
20 54 2.91 | 2.38 | 3.30 | 5.35 | 11.56 6 l¢ 3.26 2.71 f 
2] 13 3.03 | 2.48 5.29 11.72 7 16 94 | 963 | 3.4 
22 3] 3.00 | 2.47 3.20 5.44 11.64 S ] + 2.7 3.00 11.67 
23 20 3.06 | 2.47 | 3.15 | 5.46 11.67 ) le 32 
20 2.94) 2.44 | 2.95 | 5.61 11.5 16 5] 11.7% 
25 1S 3.04 | 2.48 | 3.25 | 5.43 11.72 1] 16 5.29 | 2.7 | 
26 1S | 2.96; 2.39 | 3.15 | 5.44 11.55 12 le 5.30 12 | 31 11.7 
27 IS | 2.96! 2.41 3.20 5.40. 11.5¢ 13 16 3.29 2.72 3.10 9 11.7 
28 1S 3.03 | 2.44 3.15 | 5.37 11.55 14 16 24 «2. l 2.00 
29 1S 3.01 2.44 3.20 5.40 11.61 15 16 3.22 2.63 3.10 11.6) 
30 16 | 3.03 | 2.47 3.20 11.70 ] lf 3.16 260 3.30 7 3 
Apr.30} 77 | 3.11] 2.58 | 3.80 5.27 | 12.1 17 | 16 | 3.15 | 263) 3.1 11.53 
May 1 77 3.26 | 2.75 | 3.75 | 5.43 | 13.44 
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per cent 


grams grams 


68.4 


grams 


23.2 


96 


206 
TABLE XXIX 
' Py NTAGI F VARI FORM F PH IN MILK 
Ir I n } 
mk. in mlik 
P 
Dat fed Dat fed 
lally 1 S Inor ally Sol- Inor 
ble gani Bani 
grams |; per cent per cent grams per cent per cent per cent 
Ma f 77 — | 0.076 0.071 Mar. 24 2 1.104 0.083 0.077 
17; 77 | 0.101 | 0.077 | 0.074 25 18 | 0.104 | 0.083 0.074 
] 77 0.10] 0.078 0.069 26 1s 0.109 0.052 0.077 
19 65 0.106 0.084 O.O7¢ 27 1S 0109 O.OSS 0.078 
20 S4 0.107 0.083 O.O7¢ IS 1S 0.107 O.OS3 0.079 
$3 0.105 O.OSS 0075S 1S 0.105 0.084 0.076 
2? 3] 0.107 0.085 0.075 30 16 0.104 0.082 0.08] 
23 20 «0110 0.085 | 0077 
TABLE XXX 
ToTaL PHOSPHO! BALANCE. 
Da V income an tg phos 
Date 
Tota 
Fed as In feces In milk In urine 
grams grams 
March 1 } -- ~ 
March 30-April 5 16 268 10.9 15.8 0.08 
TABLE XXXI 
DIsTRI ION AND BALANCES OF NUCLEO-PHO RI 
Dail: ncome a 1 tvo fixe pl S] rus, 
1 ota 
Date P fed 
ally Potal 
Fed In feces In milk In urine 
Oo ) 
grams as grams grams grams grams 
March 12-18 77 | 13.4 9.9 0.00 
Mat 30-April 16 9.4 6] 33 0.00 


Life. ¢ 


ate 
| 
Mar 
Date P f 
TABLE XXXIVN 
I N | | 
Date 
I t 
grams rar grams grams crams grams grams 
Mar 12-] 284 { ( 
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TABLE XXXV. 
EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS UPON THE COMPOSITION 
OF THE MILK 


In milk 


grams 


March 12-18. 53 11.91 
March 30-April 5 . ) 3.05 4 11.59 
April 24-May 1 


May 29-June 4. 


TABLE XXXVI 


EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS UPON THE YIELD O} 
MILK AND MILK SOLIDS AND UPON THE EXCRETION OF URINE. 


grams Tams grams 
March 12 a . 14606 73 9433 


March 30-April 5 14899 
April 24-May ] . 12686 


May 29-June 4 ; 11917 


Discussion of results. — The results secured in this experiment are 
in the main confirmatory of those obtained in Experiment 1. 

1. Zhe comparative nutritive value of the rations. — Both rations 
supplied an abundance of digestible’ nutrients. The dry matter 
digested daily from Ration 1 was 17.5 pounds and from Ration 2, 
16.5 pounds, the amounts of digestible protein being 2.8 pounds and 
2.6 pounds respectively. The difference between these two rations 
is not sufficient to in any way account for the physiological and 
other effects observed. (See Table XXVII.) 

2. The amounts and forms of ingested phosphorus in the two rations. 


— Ration 1 carried 77 gm. of phosphorus and Ration 2,16 gm. Of 


Total 
Date P fed 
daily. 
; Proteids. | Casein. Fat. Sugar Solids. 
grams grams grams grams grams Pe 
16 3.27 2.75 3.29 5 50 12.07 
: Daily yield milk solids . 
P fed Yield Weight 
te 
Wate. milk urine 
dally 
ota 
Casein. Fat. 
57.6 459 1726 5482 
53.0 tid 1575 
51.7 392 1438 
7 
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the phosphorus in Ration 1,65 per cent or 50.2 gm. consisted 
ble organic phosphorus compounds, which was practically al 
In Ration 2 only 2.6 gm. of phosphorus was found in soluble 
combinations. The nucleo-proteid phosphorus in Ration | 
to 23.2 gm. or 30 per cent of the whole, and in Ration 2, : 
60 per cent of the whole, the larger amount of this 
phorus in Ration 1 being due to the difference in the com} 
the unwashed and washed bran. As in former experiments, 
supply of inorganic phosphorus was small and similar it 
rations. These figures make it evident that the q 
proportions of phosphorus compounds in these two rations 
quite similar to what was found in the rations used in Experiment 
(See Tables XXXI-XXNXIIL.) 

3. Lhe relation in amounts and forms of the ingesi 


going pHospHorus. The comments offered under th 


discussing Experiment 1 could be repeated here in the mai 


accurately characterizing the outcome of this experiment 
stated, the amount of outgoing phosphorus rose and fel 
food supply; during the feeding of the high phytin ra 
phorus storage occurred, while with the low phytin ration 
of phosphorus was an average of 10.8 gm. per day more than 
income, a condition which the animal sustained through one pet 
of thirty days without serious effects; the phytin phosphorus 
that in the unused nucleo-proteids were practically all red 
inorganic forms; the variations in the outgoing phospl 
chiefly changes in the proportions of the inorganic sal 
eleMent and finally no evidence was secured showing th 
any synthesis of the phosphorus-beariyg proteids. 
XXX-XXXIIT.) 

4. Distribution of outgoing phosphorus compounds 0) 
egesta. — Again the outcome of this experiment is simili 
was observed with the first one, viz., the rise and fall of 
] 


gesta occurred chiefly in the 


compounds in the eg 


a considerable extent in the urine. When the larg 
phosphorus compounds was fed, there was a marked increase in 
inorganic phosphorus compounds of the faces and urine 
secretion was not affected by the phosphorus supply 
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¥ /, 4 AL lene 
gical effects aue lo variations in the PHOSPHOrUS bodtes of 


wo rations.— A larger proportion of Ration 1 was digested than 
of Ration 2, due undoubtedly to the fact that the washed bran was 
less digestible than the unwashed. Practically the same proportion 
of nitrogen was digested from the two rations, but there was a 
somewhat greater storage of nitrogen compounds from Ration 1 than 


from Ration 2, a result evidently independent of the phosphorus 


supply. The withdrawal of the phytin from the ration again had 
the effect of causing marked constipation, although in this experi- 
ment, because of the precautions that were taken in arranging the 
transition periods, it was not found necessary to administer a purga- 


tive at any time. The laxative influence of the phytin seems 


to 


be well established, for it does not appear probable that in washing 
the bran other compounds of a laxative character were taken out 

Che volume of urine was greatly decreased when the washe 
was substituted for the unwashed, the quantity with the high phytin 
ration being 72 per cent larger than when the phytin was withdrawn. 
This result is fully as marked in this experiment as it was in the 
former one. 

It is very clear that in this experiment, as in the first one, the 
excretion of nitrogen bears no relation to the phosphorus o 
a fact to which reference will be made later in our discussion. 

The average weights of milk produced as given for the several 
periods do not show any influence arising from cha 
amounts of phosphorus compounds fed. When, however, we come 
to consider the records of milk flow immediately succeeding the 
change to the washed bran ration, the effect of the change is made 
very evident. Table XXXVII shows the milk yield through a transi- 
tion period beginning March 16th and ending March 24th. 

The figures show an unmistakable influence of the change in the 
phytin supply. 

The influence of a change in the rations upon the composition 
of the milk, that is, upon the percentage of fat, is not as marked as in 
the first experiment. In Table XXVIII, where the daily composition 
of the milk is detailed, covering a period from March 16th to 
March 30th, during which time the ingested phosphorus was dimin- 
Ished from 77 gm. daily to 16 gm., there is shown a small but 
unmistakable temporary lowering of the percentage of fat. In the 
period from April 30th to May 17th, when a similar reduction was 


made in the ingested phosphorus, the effect upon the fat percent- 
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GENERAL DISCUSSION OF THE THREE EXPERIMENTS. 


The data obtained from these three experiments, involving the use 
of two animals, agree in consistently supporting the following con- 
clusions. Certain of the facts observed, which, with others, are 
here briefly summarized, agree with observations made by other 
investigators : 

1. The amount of outgoing phosphorus rose and fell with the 
quantity supplied in the food, though within narrower limits. When 
the phosphorus supply was abundant there was a storage of this ele- 
ment in the bodies of the animals, but during prolonged periods in 
which the supply of phosphorus was deficient there was withdrawn 
from the body store about 10 gm. daily in several periods. 

2. Through catabolic changes the phosphorus of the phytin and 
that of the unused digested nucleo bodies was reduced to inorganic 
combinations, and was excreted chiefly in the faces, though to a 
small extent in the urine. (The phosphorus of the urine is calcu- 
lated wholly as inorganic. While we may not be justified in doing 
this, attempts to separate phytin or other organic forms of phospho- 
rus from the urine by the methods employed in all the other work 
failed entirely. Whatever error is introduced by this method of cal- 
culation must certainly be small.) Further evidence of catabolic 
metabolism of phosphorus compounds is found in the fact that the 
inorganic phosphates of the milk were from three to five times 
greater in quantity than the total amount of such compounds in the 
food. The rise and fall in the amounts of outgoing phosphorus com- 
pounds occurred almost wholly with the inorganic salts found in the 
egesta. The organic phosphorus bodies of the egesta were but little 
affected, if at all, by the proportions of phosphorus compounds in the 
food. Variations in the phosphorus supply appeared not to modify 
the appropriation of this element by the milk. 

3. No relation whatever appears to exist between nitrogen excre- 
tion and phosphorus excretion. 

4. It is shown without question that the physiological effect of the 
two rations, due to the withdrawal from the bran of such compounds 
as were soluble in slightly acidulated water, differed to a marked 
degree. With the washed bran ration as compared with the 
one containing the unwashed bran, the following differences were 


observed: 


Effects of Phi 
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2. The compound known as phytin may have specific physiological 
influences in several directions. 

3. The withdrawal from the ration of the basic compounds with 
which phosphorus is associated in the compound phytin may explain 
wholly or in part the peculiar physiological influences observed. 

In discussing the first point it should be stated that Experiment 2 
was planned with the hope that by eliminating the phytin and vary- 
ing the quantity of other phosphorus compounds light would be 
thrown upon the general question of the influence of the supply of 
organic phosphorus bodies without reference to their nature. The 
experiment was not entirely satisfactory. In no period was the phos- 
phorus income equal to the outgo and it is not clear what would have 
been the result had the two rations been as fully differentiated in 
their phosphorus content as was the case in Experiments 1 and 3. 
However, there are indications, not to be ignored, that the two rations 
in the nucleo-proteid experiment had a somewhat unlike effect upon 
the flow and composition of the milk. 

The other two points must be considered together. The problem 
here involved is whether if phytin exerts the physiological effects ob- 
served, its influence is to be attributed to its acid phosphorus radical 
or to the basic portion, calcium, magnesium, and potassium, or to the 
organic compound as an entity. The question was raised in the 


progress of the work whether the withdrawal from the bran by leach- 


ing of the bases calcium, magnesium, and potassium, might not so in- 
fluence the supply of the compounds of these elements in the rations 
as to cause results that otherwise would be attributed to the phospho- 
rus supply. 

A'nalyses of both the unwashed and washed bran show that the 
leaching removed the greater portion of the magnesium and potassium 
compounds and but very little of the calcium compounds. The 
following figures confirm this statement: 


TABLE XXXVIII. 


INORGANIC CONSTITUENTS OF BRAN BEFORE AND 


P 


per cent per cent per cent per cent 
Whole bran : 1.42 0.182 0.894 1.58 


Washed bran 1.145 ).380 0.162 0.084 
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than she received, and the somewhat surprising result is shown that 

the animal gave up from her body store much the larger amount of 

calcium compounds when the income of phosphorus was less than the 
vo. This fact wil] be considered later. 

The supply of magnesium and potassium compounds was greater 
in the food in both periods than was the amount excreted. In fact 
there was a storage of magnesium in both periods and especially of 
potassium in the period of low phosphorus feeding. It is not easy to 
draw from these facts the conclusion that the unlike physiological 
influence of the two rations is due to a withdrawal from the bran of 
the bases under consideration. In both periods there was a calcium 
balance against the animal, and an apparently sufficient supply of 
both magnesium and potassium. Our knowledge of materia medica 
suggests, of course, that the larger supply of magnesium compounds 
in Ration 1 may have had some influence of a Jaxative character, and 
it is also conceivable that the greater amount of excreted potassium 


compounds may have influenced the flow of urine. Outside of these 


suggestions it is difficult to even theorize as to why the extent of the 
supply of these bases should explain the physiological influences that 
are under discussion. The authors are inclined to the view that the 
compound known as phytin exerts specific physiological influences. 
The increased flow of urine, caused by feeding the unwashed 


bran ration. — Several points need consideration in this connection. 


TABLE XLI 
BALAN 
Da n l t 
= Ix 
Mar.14 77 166.7 140.7 S.1 628 M 6 113.5 108.2 324 31.2 446 
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lé 77. «166.7 163.5 13.5 1.8 | 22 7 26.2 
17 71 166.7 146.7 34.7 O54 Z 113.5 ( iY 1.2 | 
[he facts displayed in the above figures are very suggestive. It 
appears that in both periods the animal excreted more calciun =e 
appears that in both periods the animal excreted more calcium oxide 
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are affected by the osmotic tensions induced by the presence of cer- 
tain salts. 

The work of Herter,’ showing that an insufficient fat supply in the 
food of young animals depresses the assimilation of phosphoric acid 
is suggestive in this connection. These experiments show a reverse 
relation in that the elaboration of butter fat is apparently lessened by 
an insufficient phosphorus supply 

The question naturally presented itself as to whether the low phos- 
phorus supply affected in any way the constitution of the milk fat 
In order to obtain evidence on this point the butter fat was examined 
from five different periods in Experiment 3. 

1. Fat from the milk of April 19 to 20. High phosphorus feeding 


immediately after the change from a low phosphorus ration. 


2. Fat from milk of April 29 to 30, ten days after the change from 
a low phosphorus to a high phosphorus ration. 

3. Fat from milk of May 7 to 8. Low phosphorus ration immedi- 
ately after a change from the high phosphorus ration. 

4. Fat from the milk of May 22 to 23, fifteen days after the change 
from a high phosphorus ration. 

5. Fat from milk six weeks after the cow had been placed on the 
regular ration of the Station herd. This represents butter fat pro- 
duced under entirely normal conditions. 


The results of these examinations are given in the following table 


TABLE XLIII 


BUTTE! 


per cent per cent 


31.62 5.6] 


>? 
33.82 


Normal 


The indications are that the constitution of the milk fat was some- 
what modified by the change in the rations. The volatile and soluble 


1 HERTER: Journal of experimental medicine, 1808, iii, p. 293. 
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5 —_— 26.21 5.10 $8.59 37.93 232 31.50 
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quantity of such phosphorus would be approximately 525 and 450 gm 
for cows 1 and 2 respectively. The figures of the preceding tables 
show that there was one period at least in which the phosphorus defi- 
ciency approximated 10 gm. daily for thirty days. The question is, 
then, whether from the store of soluble phosphorus compounds an 
amount equal to 300 g 


= 


m. of phosphorus could be withdrawn without 
serious results to the animal's health. That this could happen cer- 
tainly seems improbable. 

Attention has been called to Tables XXXIX-XLI, which show 
the income and outgo of the oxides of calcium, magnesium, and potas- 
sium during two periods of four days each, one with an excess and 
the other with a deficiency, of phosphorus compounds in the ration. 
The unlike results in the two periods appear to be significant in their 
relation to the supply of phosphorus compounds. During the period 
of low phosphorus supply the withdrawal of calcium compounds from 
the body store was greatly increased, with a somewhat corresponding 
increase in the storage of potassium oxide. There was a storage of 
magnesium oxide in both the high and low phosphorus periods, this 
being considerably greater in the former. These facts would indicate 
that there was a replacement of calcium oxide by another. base, par- 
ticularly in the period of low phosphorus feeding. On the other 
hand the greatly increased excretion of calcium compounds in 
low phosphorus period suggests a cleavage of calcium compounds in 
some way connected with the deficiency of phosphorus in the food, 
the most natural inference being that the egested phosphorus not 
supplied by the food was obtained from a body compound containing 
calcium oxide as a base. 

The metabolism and excretion of phosphorus and other mineral com- 
pounds of the food. — It has been shown that the phosphorus of the 
catabolized phytin and nucleo-proteids appears in inorganic combina- 
tions mostly in the fzces, though to some extent in the urine, and 
that the calcium oxide which is withdrawn from the body store is ex- 
creted in a quite similar manner. These are facts of general physio- 


logical interest and are confirmatory of the observations made by 


other investigators. 

The question as to where the cleavage of the compounds under 
consideration takes place is an interesting one. In order to throw 
light on this problem we have studied the action of trypsin and pep- 
sin on the free acid of phytin and its simple salts without securing 
evidence of the power of these enzyms to split these bodies into 
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The supposed laxative effect of whole wheat bread. — It is generally 
believed, how correctly is not definitely established, that whole wheat 
bread is a desirable food for persons of a constipated habit. This 
supposed influence is usually attributed to the effect of the coarse 
material upon the peristaltic action of the intestines. The outcome 
of this investigation very naturally suggested the thought that if 
whole wheat bread really possesses the laxative properties assigned 
to it, this may be due to the amount of phytin it carries rather than 


to its mechanical condition. With this point in view, analyses were 


made of the milling products from a particular lot of wheat, which 


was ground at a nearby mill. These analyses are gi' 
below: 
FABLE XLIV 


It is evident, as is well known, that the phosphorus compounds of 
the wheat kernel are found mainly in the outer coatings and germ 
from which are derived the bran and middlings. As the bran phos 
phorus is mostly contained in the compound phytin, it is self-evident 
that this substance exists in much larger proportion in the whole 
wheat bread than in fine flour. These statements are offered as 
suggesting a problem for further study. 

A pharmacological study of the compound phytin. —In view of the 
possible pharmacological properties of this compound, as indicated in 


these experiments, it was thought.to be very desirable that experi- 
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THE PHYSIOLOGICAL ACTION OF LANTHANUM, 
PR-ESEODYMIUM AND NEODYMIUM:! 


WOLI 


HE salts which were here employed were used in preparations 
for atomic weight investigations, and while not of that degree 
of purity, were 98.0-99.0 per cent pure as far as their respective 
metals were concerned. They came to us in the form of the double 
nitrates of ammonium and the metal. The chiorids were prepared 


trom these. 


EXPERIMENTAL. 


The standard solutions which were prepared for this work were 
made as nearly as possible isotonic with 0.6 per cent sodium chlorid 
solution. This was done empirically by preparing strong solutions of 
the salts of known concentration, and diluting till the freezing point 


corresponded to that of frog’s blood. We found that solutions pre- 


1 


pared on the calculation of the dissociation of a simple trivalent 


salt did not give, as might be expected, a solution corresponding to 
normal saline. In most instances these solutions were diluted with 
0.6 per cent sodium chlorid. It is safe to assume that any effects 
here recorded are not hyper- or hypoisotonic effects. 

All the water used was redistilled in glass, which is perhaps un- 
necessary for this type of work. The solutions of the chlorids of 
lanthanum, preseodymium and neodymium are acid, and have a 
markedly astringent taste. 
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Opalina. — On adding a drop of neodymium chlorid to a drop of 
solution in which were suspended some opalina ranarum, the move- 
ments of these organisms became jerky and spiral in character. The 
rate of movement was quickly reduced. This was followed 
tory movements. These ceased after fifteen minutes. 
application of the salt solution vacuoles soon appeared, incre 
rapidly in number. The cell wall assumed a lobular shape. 
edges were crenated. The cytoplasm shrank from the cell wall 
Parameecium. — \Vhen a solution of neodymium chlorid was added 
to paramcecium caudatum, the effect seemed to be more marked. 
Action commenced at an earlier stage than with opalina. The organ- 
ism-was, in the end, more resistant. These infusoria instantly became 
quiet. The only movement was that of the cilia. This was so slow 
that the action of each cilium could be observed. All pulsation 
of the vacuoles ceased at once. The ciliary movement at the per- 
iphery ceased in eighteen minutes, that at the peristome in twenty- 


+ 


two minutes. [he cytostome retracted from contact with the 
trichocyst. Numerous vacuoles were present, and the nucleus _be- 
came very prominent. 


Vorticella. — This organism seems most susceptible to the action 


of these solutions, being killed by neodymium chlorid solution in 
eight minutes. The bell becomes round. The spiral pedicle con- 
tracts at once on application of the solution, but later extends. 
[he alternate contractions and expansions are not as full as in the 
normal. There is some shrinkage of the endosarc. The peristome 
is puckered. In prieseodymium solution, of the same strength, the 
organism lasted twelve minutes. In lanthanum chlorid, there was a 


faint response to stimulation after thirty-five minutes contact. In 


forty-five minutes the infusorium was dead. 
t 


As will be seen, the effects of equivalent solutions of praseo- 
dymium chlorid are like those of neodymium, but not so powerful. 
A paramoecium lasted thirty-three minutes as against twenty-two 
minutes with neodymium chlorid. 

A solution of lanthanum chlorid did not paralyze the organism 
at once, as did the other two solutions. The infusorium darted 
to and fro for about sixty seconds, when it became quiet. It then 
underwent the same changes as when subjected to neodymium 
and przseodymium. In addition, a granular appearance opposite 
the peristome was noted. 


In the case of the higher unicellular organisms, one may conclude 


Lanthanum, Prescodymium 


that the primary effect is one of paralysis of t] 


of which the lessened pulsation of the \ 


as also do the granules found in the vacuoles 


The sudden stoppage of general moveme! 


of the cytoplasm, the loss of shape of the 


show the effect of a powerful astrin; 
paralysis, which so rapidly ensues, is depet 
~oagulative property. This is also shown 
which come in immediate contact with the 
of these is stopped, while those in 
in motion three times as long 

That cessation of vacuolar pulsation 
is to | *X ined on the theory 
the peri and entering the delic 
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paralyzes and destroys this apparatus, while 


is only affected later, and does not constringe 
as the cytoplasm 
Blood cells. A tew drops of 
added to some frogs’ blood cells. Afte 
became vacuolated Poikilocytosis manifeste 
lei became very prominent. 


fontents escaping. 


EFFECT ON MUSCLE AND Ni 


“he studies on muscle and nerve were directed towards o 

yesides the comparative effect, the individual action 
the nerve endings, and the nerve proper 

On muscle. — Two sciatic-gastrocnemius preparations were made 
One was placed in isotonic neodymium chlorid solution, the other 
isotonic sodium chlorid. both cases the nerve w 
isolated from the solution. The muscles were weighed, 
minimal intensity of current necessary to provoke 
measured. The results are shown in Table I. 

The muscle which was immersed in the sodium 
and glistening at the end of eighteen hours, while th: 
dymium solution was white and opaque. Commencing 
observed two hours after immersion. The sudd 
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gradual, indicates a degenerative change taking place in the muscle 
itself 

A similar experiment with praseodymium chlorid gave the result 
shown in Table II. 

With lanthanum the results shown in Table III were obtained. 


Che effect of the solutions on the type of the muscle curve was 


obtained by immersing a gastrocnemius in the solution and suspend- 


ing the nerve outside the solution on a pair of gold-plated electrodes 


The muscle was loaded with 10 gm. and afterloaded. After obtain- 
ing normal curves, the saline solution was replaced by the solution to 
be tested, without disturbing the muscle. An effect was soon noted. 
The latent period was increased and the length of the contraction 
diminished. 

No period of increased excitability was obtained. The base line 
gradually rose, owing to the permanent contraction of the muscle. 
Using equimolecular solutions, it was found that the toxicity of the 
solutions increased with increasing molecular weight. 

With neodymium solutions, and indirect stimulation every four 
minutes, it was found that the shocks were effective for a period of 
twenty to eighty. minutes. The permanent contraction was also 
most marked in this solution. Muscles in praseodymium solution 
under similar conditions lasted one hundred and sixty-five minutes. 
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With lanthanum, the stimuli were effective 
twenty-five minutes. 
In order to compare the effect on a poisoned 
were used. In the one case, the usual method 


ligaturing one common iliac, and injecting the po 


lymph sac. At the end of thirty minutes, the two gastrocnemli were 


prepared, and introduced into a crank myograph. Tracing 


\ 
ACY 


made, maximal break shocks only being used. A Brodie cut-out 


was employed, which was run by a motor. The difference in the re 
action between the poisoned and unpotsoned limb was very marked 
(See Table IV.) 


[The second method was that of Harvey Cushing. Removi 


urostyle, the abdominal aorta was reached from the 


was introduced into the vessel, and the abdominal vei 
ligature of the 


One of the limbs was protected by 


of that side, The solution, colored with methyle: 
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allowed to perfuse through the unprotected limb, and the difference 
in the behavior of the two limbs noted. (See Table V.) 

In all these experiments shocks were sent in every two seconds. 
In the latter series, responses were obtained at normal distance in the 
protected leg after the unprotected limb had been completely 
poisoned, 

rABLE IIl 


Nerve tissue. — A gastrocnemius-sciatic preparation was made, and 
placed inthe moist chamber of a crank myograph. The nerve for 
about a length of 5 mm. was immersed in a shallow depression con 
taining the solution. <A stretch of nerve on both sides was armed 
with electrodes, and needle electrodes were also placed in the muscle 


tissue itself. By means of a key, any part of the preparation could 


be stimulated. A cut-out key was used, and the preparation received 


stimuli every two seconds. The distal end of the nerve rapidly lost 
the power of conveying stimuli to the muscle. 
The following are the results with equimolecular solutions, and 


secondary coils at equal distances: Neodymium chlorid blocked the 
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beat. Washing with sodium chlorid or with Ringer’s solution was 
ineffectual in restoring the heart function. 

With heart muscle, the difference in the effect of the solutions was 
as follows. Neodymium chlorid. Heart ceases beating in thirty-two 
minutes. Praseodymium chlorid. Heart ceases beating in forty- 
nine minutes. Lanthanum chlorid. Heart ceases beating in fifty- 
eight minutes. Normal heart, cessation in two hundred and _ ninety 
minutes. In the normal heart, the ventricles beat as long as the 


auricles. No peristaltic effect was noted. 


GENERAL EFFECTS. 


In the effort to determine the general effect of these substances, 
they were administered mostly subcutaneously, in a few instances, in- 
traperitoneally. The animals used were frogs, pigeons, rats, and 
guinea-pigs. 

Finding that there was no result from the injection of a single dose 
of 0.020 gm. of the chlorids per kilo in rats, pigeons, and guinea-pigs, 
we carried out a series of experiments, in which daily doses of the 
above amount were administered. 

A rat, weighing 120 gm., was given 0.0024 gm. of neodymium 
chlorid daily for forty-three days. At the end of this time it weighed 
110 gm. It was in every way in the same condition as a control 
animal. The total amount administered was 0.103 gm. or 0.86 gm. 
per kilo. 

A pigeon, weighing 310 gm., was given subcutaneously 0.0068 gm. 
daily for thirty days. At the end of this time it weighed 310 gm. 
Another pigeon, weighing 340 gm., received 0.0068 gm. of lanthanum 
chlorid daily fora month. Its final weight was 320 gm. The same 
lack of action was observed with lanthanum chlorid with rats and 
guinea-pigs. On section, the only effect, which could be traced to 
the solution was an area of induration at the seat of injection. 

Effect of large doses. — A guinea-pig weighing 440 gm. received 
intraperitoneally o.1 gm. of lanthanum chlorid at 2.49 P.M. At 3.10 
the animal was in slight convulsions. At 3.20 the convulsions had 
increased in intensity. At 10 the next morning it was found dead. 
The autopsy showed the peritoneum to be slightly cloudy, and con- 
gested at the seat of injection. There was about 5 c.c. of fluid in the 


cavity. The heart was normal. There was a small hemorrhagic in- 
farct in the upper lobe of the left lung, and also in the upper part of 
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the lower lobe of the right lung. There was slight congestion of the 
liver. The cortex of the kidneys was deeply injected. The pyramids 


were pale. 
SUMMARY. 


Equimolecular solutions of the chlorids of lanthanum, praseody 
mium, and neodymium increase in toxicity with increasing molecular 
weight. 

It is probable that part of the acute effect observed is due to the 
hydrolysis of these salts, and to the consequent toxicity of the acid 
produced. 

It has not been possible to demonstrate a chronic condition of in 


toxication using moderate amounts of the salts. 
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THE VOLUME CURVE OF THE VENTRIC! 
MAMMALIAN HEAR AND THE SIGNIFI 
OF THIS CURVE IN RESPECT TO | 
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THE VENTRICLES.! 
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Various VIEWS AS TO THE FILLING 


EARLY three hundred years ago, Harvey descri 
as follows 


of the ventricles of the heart 
the ventricles not by any attraction or dilation of 
being thrown into them by the pulses of the 


1 A preliminary report on this subject was presente 
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speak of pulses as occurring in the auricles or ventricles, I mean con- 
tractions.” Precisely the same idea as to the mechanical action 
involved in the filling of the ventricles is expressed in the best and 
most widely read of modern elementary text-books of physiology in 
these words: ‘“ At each systole of the auricles the ventricles are filled, 
and the auricles emptied.”! Thus, down to the present day, a great 
number, perhaps a majority of all the students who acquire the ele- 
ments of physiology are taught that the systole of the auricles fills the 
ventricles. Hill says that even at the present time, “little can be 
added to Harvey’s admirable description.” @ 

It is probable that Harvey based his description of the mechanics 
of the filling of the ventricles more upon such animals as the frog, 
than upon the mammalian heart. It is only with difficulty that the 
eye can follow the complicated movements of the mammalian heart. 
Indeed Harvey himself was at one time almost inclined to think with 
Frascatorius, “that the motion of the heart was only to be compre- 
hended by God.” In such an animal as the frog, on the contrary, 
the relations of the movements of the various parts of the heart are 
more easily followed. Even an unskilled observer with a frog’s 
heart beating before him can see, or believes that he sees (once the 
genius of Harvey has shown him what to see), that the contraction 
of the auricle fills the ventricle. Indeed it is probable that the per- 
sistence with which the idea that the systole of the auricles plays an 
important part in the filling of the ventricles so long held its place 
in the minds of physiologists, was due to their familiarity with 
the almost diagrammatic picture which the frog’s heart seems to 
afford. 

HuxLery’s Lessons in Elementary Physiology, first published in 1866, re 
dly revised by HUXLEY, then by Sir MicHAEL FOosTER and Dr. SHERIDAN 

4, and finally by Dr. F. S. Lee, last American edition, 1905, p 


* LEONARD HILL in SCHAFER’S Text-book of physiology, 1goo, ii, p. 2 


It must be remembered that when HARVEY denied that “the ventricles are 

ny attraction or dilatation” of their own, he was addressing the disciples 

of GALEN, who believed in a suction action of the heart very different from that 

whieh some modern authorities deduce from GOLTz and GAULE’s discovery of a 
‘negative pressure” in the ventricles. 

# An extraordinary example of the persistence of this view is afforded by 
LANpDOIS’s Text-book of Human Physiology. This work has been through ten 
large editions in the original German, and numerous translations. Yet it teaches 
(American edition, 1904, p. 97) that “the effect of the auricular contraction is the 
distension of the relaxed ventricles which in small measure are dilated by the 


elastic traction of the lungs.” Accompanying this statement in a manner to 


Volume Curve of Ventricles of the Mammalian 1/1 


Modern investigators have almost without ex 


ly an accessor\ 


that auricular systole is on 
the mammalian heart. The importa 
almost invariably diminished with eact 
ing to the description recently 


nus 


the ventricles is accomplished t 
relaxation is complete the pressure of 
auriculo-ventricular valves, and from 
of the auricular systole the bloo 
ventricles and auricles. 


auricuio-ventricular Vaives are fi 


tricles, dilating them 
cular systole as “a 
blood before it into the 

tention of the ventricles produces 

that Erlanger,’ in whose experiments 
were recorded by means of tambours, f 
strate — that ‘it sufficed to record th 
tricle alone when the auricle 
circumstances the contract 

into the ventricles.” 

flow, the question offers itself, 
systole causes to sweep over the ventri 
feature in the appearance of the he 
considerable increase in the volume of 


t 


presented in this paper shows that it does 
In a review of the literature of the 
Ebstein* which has recently appeares 
ologie, one hundred and eighty-seven papers are quo 


sent a bewildering array of experiments, obser\ 


remove all question as 
mammalian heart, which e 
appears in the frog. 
1 HoweELL, W. H 
2 Such a movement 
present writer by means of a working model 


} 


Physiological Society in December, 19 
g 


8 ERLANGER, J This journal, 19 


* Epstein, E.: Erbegnisse der 
pp. 121-194 


3 
ce assigned t 
Su \ 

wed DY riow¢ 
“As soon as t 
] t 
that moment until t 
the large veins f 
ies Decome Mm t t 
Ihe auricular systole sends a sudden wave of 
\vgain Howel 
SWeeC! | 
1 respect tot - 
+} 
tne m eme 
* movem ts of the 1 t 
ith pit 
oes not necessat 
this wave \ l 
es and wnhicl 
Ls a i \ 
+} + 
he ventricles ? 
the 
i 
> | 
| 
y ror 
gy, 1905 
Liat val val 
i 


dandell Henderson. 


ve physical factors which may be supposed to take part in the 
the blood from the auricles into the ventricles, has 

he conclusion that in the present state of our knowledge 

tive importance of these factors cannot be determined with 
precision. No extended critique of the literature will here be 


Only a few of the more distinct theories will be quoted. 


These are selected with reference to the distinctness of the picture 


which they afford of the flow into the ventricles, rather than for an 
explanation of the force or forces which cause the flow. Diagrams 
are also herewith presented showing the form which, as it seems to 
the writer, the cardiac plethysmogram would have according to the 
various theories. 

In lig. 1 is expressed the manner of the filling of the ventricles 
according to the statement of Harvey already quoted. The initial 
down stroke represents the systolic emptying of the ventricles. The 
succeeding horizontal line shows the collapsed and empty condition 
of the chambers. The sudden rise, occupying only a tenth of a 
second, is the refilling of the ventricles by auricular systole. 

Briicke* in his celebrated theory of the ‘‘ Selbststeuerung des Her- 
zens,” held that the ventricles are distended by the pressure of 
blood transmitted through the coronary vessels from the aorta. 
Under these conditions the refilling would begin immediately after 
the completion of systole. The rate at which the heart would be 
distended would depend largely upon the rate at which the muscle 
fibres relax and yield to the stretching force. Briicke’s explanation of 
the part played by auricular systole is not accessible to the writer. 
Fig. 2 seems with this omission a fair interpretation of Brticke’s 
theory. 

Roy and Adami® describe the manner in which they believe the 
ventricles to be filled, (Fig. 3) as first a rapid inflow in the early part 
of diastole, then a slower flow or cessation of flow during the latter 
part of diastole, and finally “‘a phase of increased rapidity of flow 
owing to the successive contraction of the veins and auricles.” Such 
a description certainly leaves much to be desired. It is not quantita- 


tive. What fraction of the entire volume of the ventricles runs into 
PiGERSTEDT, R.: Lehrbuch der Physiologie des Menschen, 1897, i, p. 157 
2 For statements of BRUCKE’s views see TIGERSTEDT’S Lehrbuch des Kreis 
laufes, 1893, pp- 51 and 52. 
§ Roy and ADAMI: Practitioner, 1889, xliv, p. 170. 
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be wholly irreconcilable with the description above quoted. While 
the description would correspond to Fig. 5, the diagram is essen- 
tially similar to Fig. 2. Such a curve indicates (1) that at the 
moment of ventricular relaxation, the blood rushes into the ventricle 
in such volume that the ventricle is more than two-thirds filled in the 
first third of diastole; (2) that in the next third of diastole, the fill- 
ing of the ventricle is completed by a gradually lessening stream 
through the auriculo-ventricular valves; (3) that the filling of the 
ventricle is therefore complete before the occurrence of auricular 


systole. Since the volume curve runs parallel to the abscissa at the 


period of auricular systole, it signifies that the auricular systole 


injects no appreciable quantity of blood into the ventricle. 

Luciani! believes in an active diastolic expanding force in the 
myocardium. He describes the cardiac plethysmogram as (1) a 
steeply descending line corresponding to the systolic discharge, (2) a 
} 


steeply ascending 


the active diastole, and (3) a gradually ascending line (sometimes 


line (often exhibiting notches) corresponding to 


horizontal or even slightly descending) corresponding to the pas- 
sive diastole and pre-systole, or contraction of the auricles. As this 
is a description of the plethysmogram of the whole heart, Luciani 
points out that at the instant of auricular systole the curve does 
not truly show the movement of blood between the auricle and 
ventricle. (Fig 0.) 

The cardio-pneumatic curves have been regarded by most writers 
as expressing the variations in the volume of the blood in the thorax. 
Haycraft and Edie,” however, regard them as oncometric records of 

liac volume. In many cases these curves reveal an up stroke 
at the very beginning of diastole as steep and as high as is the down 
stroke corresponding to the systolic discharge. 

Finally, mention must be made of the conclusions reached by Otto 
rank * which, although based on experiments on the excised frog’s 
heart, are highly significant for the dynamics of the mammalian 
heart as well. They have been summarized by Burdon Sanderson * 
as follows: ‘(1) The isometric curve of muscle is represented by the 
pressure curve of the systole of the charged ventricle with arrested 


| from Enstretn’s review in the Ergebnisse der Physiologie, 1go4, iil, 2, 
Haycrart and Epte: Journal of physiology, 1891, xii, p. 426. 


FRANK, Orrvo: Zeitschrift fur Biologie, 1895, xxxii, p. 370. 


SCHAFER’S Text-book of physiology, 1900, il, p- 442. 
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discharge; (2) the isotonic curve 

volume curve of the ventricle; the 

measured by the aortic pressure; (3) as in muscle t 
culminates before the isotonic, so in the ventricle 

sure curve culminates sooner than the isotonic volume « 
pressure curves and volume curves recorded in a ventrik 
under the conditions which exist in the , 

circulation, resemble in general the , 


after-loading curves of muscle. 


PREVIOUS PLETHYSMOGRAPHI( 
INVESTIGATIONS. 


The method employed by the major- 
ity of the investigators, who in modern 
times have studied the mechanics of 
the heart, has consisted in recording 
the pressure changes in the chambers 
of the heart and in the blood vessels. 
Undoubtedly it is true, as Porter ex- 
presses it, that ‘the filling of the 
heart is the result of differences of 
pressure between the great veins, 
auricle, and ventricle.”” The measure- 
ment of these pressures has been 
accomplished with such perfection of 
technic as to leave little need of improvement 
in respect to the filling of the ventricles to which such inve 
have led, leave much to be desired. For the study of this | 
the writer therefore had recourse to a method of recording the volume 
changes of the heart, —the pressure curves being recorded synchro 
nously merely to show the periods. 

The majority of previous volumetric observations upon the 
malian heart have been directed toward determining the gross change 


in volume (the volume of the systolic discharge) rather than to the 
details of the form of the volume curve, —as for instance, in the 


investigations of Johansson and Tigerstedt.! The tracings obtaine 


1 JOHANSSON and TIGERSTEDT: Skandinavisches Are fur 
i, p. 331; and 1891, ii, p. 409 
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by Roy and Adami! by means of their cardiometer show little detail 
of contour. Indeed it would seem that the large and rapid volume 
changes of the heart could scarcely be transmitted with any fineness 
of detail by a medium of transmission which (for this purpose at 
least) is as heavy and viscid as the oil with which their cardiometer 
was filled. In our experiments the medium of transmission was 
air. It may be added, however, that many of the tracings ob- 
tained by Roy and Adami by means of their myocardiograph 
(showing the cyclic changes in the various axes of the heart) seem 
to the writer to be in accord with the data presented in this 
paper.” 

A considerable number of plethysmograms have been published 
by Stefani. Upon them Luciani based the generalizations already 
quoted. These volume curves were obtained from dogs by means of 
a fistula in the pericardial sack. Through the fistula the peri- 
cardium was distended with air. The volume changes of the heart 


were recorded by means of a tambour connected with the fistula. 


While some of Stefani’s tracings are essentially similar to those given 


in the present paper, others exhibit a wide variety of forms. 

As early as 1877 Frangois-Franck* had obtained graphic records 
of the volume changes of the dog’s heart and of the ventricles of the 
human heart from a case of ectopia cordis. Upon these data he 
based the diagram and description already given. In some of his 
experiments on dogs the pericardial sack was used as the cardio- 
meter. In others a glass vessel was slipped over the heart and made 
air tight by tying the pericardium over the free edge of the vessel. 
This cardiometer was then connected with a tambour to which the 
volume changes of the heart were transmitted by the air.° 

The methods employed by Stefani and by Frangois-Franck (except 
in the case of ectopia cordis) involved the enclosure of the entire 


1 Roy and ADAMI: Philosophical Transactions, 1892, clxxxiii, B, p. 202. 

2 This similarity is especially evident in the records in which the heart was 
slowed by stimulation of the vagus. Roy and ADAMI: Loc. ctt., p. 223. 

8 STEFANI: Archives italiennes de biologie, 1893, xviii, p. 119; and 1889, xxxii, 
439 

* FRANCOIS-FRANCK: Loc. ciét. 

8 Hitt and BARNARD employed a tennis ball, tying the pericardium over the 
ball to render the window air tight. British medical journal, 1897. Dagobert 
Blank employed a cardiometer similar to that of Frangois-Frank Inaugural 


Dissert yn, Gottingen, ) Knoll employed a method similar to that of Stetani. 


Kaiserl. Akad. d. Wiss. Wien, 1880, Math. naturw. KI. 
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heart, auricles as well as ventricles, within the a 
with the recording tambour. Under such condit 


blood from the auricles into the ventricles would 


least, have no effect whatever upon the volume ci 


the auricles discharge a large volume of blood int 


} 


or none at he volume curve would in either 


to the abscissa. These methods therefore can yie 
evidence with regard to the movements of the | 
auriculo-ventricular orifices during the period of 


The volume curves to be given in this paper were o! 
; lethvs yraph or cardiomete hich the vent 
of a plethysmograph or cardiometer in which the venti 


included 
METHOD OF EXPERIMENTATION. 


the experiments were performed upon dogs 


a moderate dose of morphine, and were then 
ether administered by means of a vaporizing flask 
In the first series of experiments 
respiration was administered by mea 
In the second series upon twenty dogs, a 
he immense improvement in technic originated 
and simplified by Brauer.2. Thus when the thoraci 
the tracheal cannula was immediately connect 
which one opening led to a large gasometer ( 
containing air at a constant pressure of 10 mm. 
the other opening of the T-tube, the expired air w 
through a Mueller valve properly adjusted. Under tl 
the lungs are distended to about their normal capacity 
respiratory movements of the ribs and diaphragm so 
animal continues to breathe in a wholly natural mant 
as in some of these experiments, the period of obser 


many hours. 


and tracheal cannula 


> volume of the stationary 


ites itself into acapnia and 


and ‘T-tube are connected 
does not occur. 


1 


1 SAUERBRUCH: Mitteilungen aus den Grenzg 


rurgic, 1904, xiii, Art. xvii 
2 BRAUER: 1904, xiii, Art. xv 
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The thorax was opened by an incision through all the costal 
cartilages at their junctions with the ribs and through the ensiform 
appendage. Hemorrhage was prevented by placing a ligature about 
the internal mammary arteries and veins at a point close to the 
origin of the former. The sternum and costal cartilages, with the 
adherent muscles and skin, formed a lid which could be lifted to 
allow the adjustment of the cardiometer upon the ventricles. After 
this adjustment the lid was closed down, the crack along its edge 
packed with cotton wool, and the animal covered with a cloth to 
avoid cooling. 

The cardiometers employed were constructed from light rubber 
balls. It was important that they should neither be so large as to 
encroach seriously upon the space needed by the lungs, nor so small 
as not to give ample room for the ventricles to expand to the fullest 
extent. It was necessary, therefore, to have half a dozen of these 
balls ranging in diameter from 7 cm. to 11 cm. In each ball a 
round window (of a diameter 0.7 that of the ball) was cut. Over the 
window a piece of sheet rubber (dental-dam) was cemented. The 
centre of this curtain was then cut out, leaving a hole (of a diameter 
0.6 that of the window). In the opposite side of the ball a glass tube 
was inserted which connected the interior of the ball with a rubber 
tube (10 mm. interior diameter and 120 cm. long), which led to the 
recording tambour. One or the other of two tambours (10 cm. and 
12 cm. diameter respectively) was used according to the size of the 
animal. They were similar in construction to the Marey tambour of 
ordinary size. Each was capable of registering a volume considerably 
greater than was ever required in the observations, without stretch- 
ing the rubber enough to involve any appreciable rise or fall of 
pressure. By means of a large syringe they were tested as to their 
capacity to follow large and rapid volume changes. The stylus of the 
tambours was found to follow, without appreciable lag, movements of 
the plunger of the syringe of considerably greater volume and rapidity 
than those occurring in the experiments. After each experiment the 
tambour was graduated by connecting it with a flask into which water 
was measured from a burette. Thus a scale in cubic centimetres 
was drawn on the smoked paper. 

Before the adjustment of the cardiometers upon the heart, the 
pericardial sack was cut open, so that it could be rolled back entirely 
off the auricles as well as from the ventricles. All risk of compres- 


sion of the auricles or veins was thus avoided. The cardiometer was 
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} 


then slipped over the ventricles unti 
fitted snugly in the auriculo-ventricular 


while exerting only a very slight pressure, nevertheless 


ciently well to prevent any leak of air in or out, as could 


tested after death. 


VALIDITY Of! 
METHO 


The question now arises, 
volume changes of the 
ventricle be taken as identical \ 
volume changes of the ventricu 
bers? The «djustment of the cardi 
eter over the ventricle is shown in Fi 
From this ficure it can be seen that 
movement of the ventricle inward 
outward through the window of 
cardiometer would occasion a 
error in the volume record. The 
care was taken, therefore, 
cardiometer so that the 
should hold the window in an ut 
position upon the auriculo-ve 
groove, 
In order that the exterior 
volume changes of the ventricles sh: 
identical, it is essential that the septum 
formed by the closed mitral and tri 
valves shall remain practi 
and Adami! believe that the pay 
valves inward, and thus assist in en 
the case, the true rate of the systolic discharge will not 
portrayed in the volume curve of the exterior of the ven 
ing diastole, however, no error is thereby threatened 
Finally, it is obvious that changes in the volume 
coronary vessels will influence both the form and 
volume curve.? 
1 Roy and ADAMI, Practitio 
2 Direct evidence on the 
graphic record of CHAUVEAU and REBATEL, rt 
buch des Kreislaufes, 1893, p. §3 
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TECHNIC OF THE PRESSURE CURVES. 


Intraventricular pressure was recorded by means of a metal catheter 
passed into the left ventricle by way of the carotid.) In the first 
series of experiments a Gad metal membrane manometer was em- 
ployed; in the second series, a Hiirthle spring manometer. Mag- 
nesium sulphate solution was the medium of transmission. 

Porter has shown that in records of the intraventricular pressure 
changes “ the height of the [systolic] up stroke and the depth of the 
[diastolic] negative pressure cannot be correctly given in the same 
curve.”* In respect to the record of diastolic pressures a systolic 
“up stroke of correct height is the first evidence of a false curve.” 
Our interest lay primarily in the events of diastole. In respect to 
systole distinct indications of the points of onset and completion of 
the period were the only features of importance. In our experiments 
the manometers were for these reasons either left entirely undamped, 
or were damped as slightly as was compatible with the indication of 
these points. To this lack of damping is due the large inertia distor- 
tion in the up stroke of many of our pressure curves. Moreover, if the 
converse of Porter’s statement be also true, the incorrect height of 
the up stroke in our curves indicates their approximate accuracy in 
respect to the pressures during ventricular diastole. On this view 
the absence of any negative pressure in some of our curves and the 
brevity of its duration in all others demonstrate that in these experi- 
ments the ventricles on passing into diastole exerted no suction suffi- 
cient to be considered as an important factor in the filling of their 


chambers 


GRAPHIC RECORDS OF THE FIrst SERIES OF EXPERIMENTS. 


An example of the tracings obtained in the first series of experi- 
ments is given in Fig. 9. The meaning of such a record is to be 
gathered by carefully noting the synchronous relations of the pressure 
and volume curves. Taken together these curves afford an expression 
of the mechanics of the heart similar to that which an engineer 
obtains in the indicator diagram of a steam engine. 

1 The catheter must be bent. Otherwise the displacement of the heart by the 
cardiometer may cause the catheter to puncture the posterior wall of the ventricle. 
If bent too much the catheter by pressing upon the interventricular septum is liable 


to induce a discharge of extra-systoles, as in Fig. 13. 
Porter, W. T : Loc. 
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Period of discharge. — We may conveniently begin the interpreta 
tion of the records at the instant {marked 1 in both curves) before 
the occurrence of ventricular systole. The ventricles are tull. The 


volume curve is at its highest point. With the onset of systol 


the pressure within the ventricle rises abruptly. But for an instant 
longer the volume is not diminished. Then as the pressure reaches 
a point (between 1 and 2) at which 

it exceeds the pressure in the arte- PETE heel 

ries, the volume curve starts down- 
ward. The abruptness with which oY WY LY \ 


the descent begins indicates the 20— | 
suddenness with which the semi- 
lunar valves are thrown open, and .& 

the blood is shot into the arteries eo 
The steepness of the descent shows 
the rapidity with which go per cent inal siz lime re 
of the dis« harge IS accom} lished. 
This portion of the descent is almost 
a straight line; therefore the rate 58e of tert) 
of discharge is uniform. As it nears ndicated i tar rat riet 
the bottom of the descent, the vol- 
ume curve rounds away to a blunt 
point (3 to 4). Thus the discharge _ represents merely a convenient line of 
slows, and then ceases. At the cor- 
responding point (4) in the pressure 
curve, the pressure suddenly falls. 
This shoulder at the end of the pressure “ plateau”’ is generally 
recognized as marking the completion of systole and the closure 
of the semilunar valves. That this shoulder and the blunt point 
of the volume curve occur together affords further evidence in 
favor of this view. The column of blood rushing through the 
semilunar orifices does not suck blood into the arteries after the 
contraction of the heart muscle is at an end, as was believed by 
Moens.!. If such were the case the point would succeed the 
shoulder. The ventricle does not continue in systole after the dis 
charge is ended, as held by Roy and Adami,’ otherwise the point 
would precede the shoulder. 

1 Moens: Archiv fiir die gesammte Physiologie, 1897, xx, p. 53! 


2 Roy and ADAMI: Practitioner, 1890, xliv, 
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A small dose of atropin, however, induces the latter condition by interfering 
with the diastolic relaxation of the ventricle. When this drug is admin 
istered the amplitude of the plethysmogram of the dog’s heart is greatly 


diminished while the form of the curve is very similar to that shown in 


Fig. 1. 
Period of filling. — It is probable that fora brief period immediately 


following the completion of systole, during which ventricular pressure 
falls to the abscissa, all the heart valves are closed (4 to 5). Yet 
comparison of the pressure and volume curves shows that during this 
period the latter rises sharply. This initial increase in the bulk of 
the ventricles is probably due to the rush of blood from the aorta into 
the coronary vessels which are now released from the compression 
incident to systole. In many records a slight notch in the volume 
curve marks the end of this brief period. 

At the instant that ventricular pressure reaches the abscissa (at 5) 
a further rise in the volume curve occurs. At this instant therefore 
the auriculo-ventricular valves are opened by the pressure of the 
blood in the auricles, and the refilling of the ventricular chambers 
commences. From this point the volume curve swings upward, and 
by a line steep and often nearly straight almost to its summit, then 
curving quickly until parallel to the abscissa, it expresses the refilling 
of the ventricles. The rapidity of the inflow indicated by this rise of 
the volume curve is startling; for it shows that the refilling of the 
ventricles occurs early in diastole, and that it is as rapid a process as 
is the systolic emptying. 

Period of rest.— During the latter part of diastole,’ the volume 
curve runs parallel to the abscissa, indicating that during this period 
no movement of blood into the ventricle occurs (from 7 on). It is 
well recognized that this period is of very variable duration. Differ- 
ences in the rate of the heart beat are effected almost entirely by 
lengthening or shortening this period. In a very rapidly beating 
heart it entirely disappears. The volume curve then becomes simply 
a series of sharp up and down strokes following each other in imme- 
diate and rapid succession. 

Auricular systole. — If the contraction of the auricles drives blood 
before it into the ventricles, the volume curve must show, just prior 
to the down stroke of ventricular systole, a rise proportional to the 


1 The term “diastasis”” might be employed to indicate this “period of rest,” 
and to distinguish it from diastole, the “ period of relaxation and refilling.” 


|= 
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volume of blood which the auricles inject. In many volume records 
no such rise occurs. In others, as in the record under discussion, a 
slight wave in the volume curve coincident with auricular systole 
may be seen. It indicates, apparently, that the contraction of the 
auricles increases the ventricular volume to the extent of a few drops 
at most. Often the volume curve falls again after this auricular 
rise and before the onset of ventricular systole. There is, indee 


a chance for error in the volume curve during this period; but the 
probable error will be to exaggerate, rather than to obscure, the 


auricular rise. As the cardiometer tilts the ventricles upward, their 


weight rests in part upon the auricles. Thus the contraction of the 


latter may, and frequently does, lift the heart somewhat further into 
the cardiometer. When this error is avoided by care in the adjust 
ment of the instruments, the graphic records show that the systole of 
the auricles moves at most only a fraction of a cubic centimetre of 
blood into the ventricles 
It appears very probable that the wave which auricular systole induces and 
which presents so decept in appearance as it trav rapidly over t 
ventricles, must cause the complete closure of wuriculo-ventricular 
valves which were probably floated into position ready for closure by the 
cessation of the inflow at 7 
This description of the volume curve holds true only when the 


heart is beating vigorously and under conditions as near the normal 
> 


as possible. After extensive hemorrhage, for example, the amplitude 


of the heart beat is diminished, and the filling of the ventricles may 


occur in two distinct stages. The volume curve then takes a form 

similar to Fig. 3. It may be that this indicates that, when the pres 

sure of the blood in the veins is insufficient to distend the ventricles 
} 


to their full capacity, the ‘“ peristalsis-like wave of the auricular con 


traction” assists in the filling of the ventricular chamber 


SECOND SERIES OF EXPERIMENTS 


In Fig. 10 is represented an example of the records obtained in 
the second series of experiments. As already stated, the animals 
were maintained by a natural respiration of compressed air. Intra 


ventricular pressure was recorded by a Hiirthle manometer. In ad 


1 See footnote number 2 on page 327 of this paper. 
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dition to the volume curve, obtained as in the earlier experiments, the 
movements of the auricle were also recorded. For this purpose a 
miniature cardiometer (2 to 3 cm. in diameter) was slipped over the 
right auricular appendage,! and connected with a small tambour. In 
the auricular records the down stroke after the diastolic pause marks 
the contraction of the auricular appendage; the succeeding up stroke 
its relaxation. The waves which 
follow in many of the tracings 
were caused by the movements of 
the ventricles, and are of no pres- 
ent interest. Comparison of the 
synchronous lines in Fig. 10 ex- 
hibits the same relations between 
the pressure and volume curves 


as those already noted in Fig. g. 


DOG, IGS KILOS. » The volume record, however, after 
, the rapid inrush of blood in the 
IGURE 1 \ it five-elghths the rig 
nal size lime in 05 second Dre sure early part ot diastole, rises 1p this 
record from the left ventricle (manometer particular case more gradually 
very slightly damped). Record of move . s 
2 than in most of the records ob- 
n f right auricular appendage he 
auricular curve is drawn upon a much tained, This is probably due to 
larger scale than is the volume curve of a more gradual relaxation of the 
the ventricles below it, to which alone the cardiac muscle, —an observation 
scale graduated in ¢c.c. a es 


for which the variations in the 


rate of relaxation often observed in striated muscle furnishes an 


analogy. The onset of auricular systole occurred at the point 
marked 1. <A scarcely perceptible wave in the volume curve de- 
veloped at this point. The pressure within the ventricle was not 
perceptibly increased. The volume of blood which was moved 
through the auriculo-ventricular valves by the auricular systole was 


therefore practically nil. 
A more detailed study of the relations of pressure and volume is 


afforded by Figs. 11 and 12. In the upper record (Fig. 11) aortic 
pressure, the auricular movements and the ventricular volume are 
shown. Noteworthy are the differences in the volume of the systolic 
discharge of the rapidly succeeding heart-beats accompanying inspira- 


tion, and of the slow but full beats occurring between respirations. 


1 This cardiometer was held in place by a ligature placed upon the tip of the 


auricular appendage and drawn out through the small opening of the cardiometer 


betore this opening was connected with the tambour. 


VY 
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In this record the volume curve is distorted by the movements of the 
diaphragm against which the cardiometer was pressed. Immediatel 
after obtaining the record, the cardiometer was readjusted upon t 
heart so as not to be thus affected. The catheter connected with the 
manometer was passed through the aortic valves into the left vent: 
cle. The kymograph was set for a somewhat higher speed; and the 
lower record (Fig. 12) was obtained. 

Comparison of the three curves in each record and of the two 
records with each other shows that the commencement of auricu 


systole occurs at the point marked 1. At 2 ventricular systole 


begins; at 3 the pressure in the ventricle has risen to 80 mm., and 
equals the pressure in the aorta. The semilunar valves are opened 
at this point and aortic pressure rises rapidly. At the same instant 
the volume curve begins to descend, indicating the commencement of 
the ventricular discharge. At 4a slight notch in the volume curve oc- 
curs; at the corresponding point ventricular pressure reaches the peak 
(185 mm.) which precedes the plateau; and arterial pressure attair 
the summit of the primary pulse wave (170 mm.). At 5 systole is 
complete. Ventricular pressure falls below aortic pressure (125 mm.). 
At this instant occur in striking coincidence the blunt point of the 
volume curve, the shoulder of the ventricular pressure curve, and the 
dicrotic notch in the aortic pressure curve. At 6 ventricular pres- 
sure has fallen to the abscissa, and as the ventricles rapidly refill the 
volume curve moves upward. At 7 the ventricles are full. Neglect 
ing the refilling of the coronary vessels the volume curve indicates 
that 19 c.c. of blood has entered each ventricle. From this point 
onward until the onset of the next ventricular systole no increase in 
ventricular volume occurs. There is, however, a slight rise of ven 
tricular pressure above the abscissa coincident with auricular sys- 
tole. Together these two observations indicate that the ventricles 
are already filled so completely that auricular systole in this case 
does not inject even a fraction of a cubic centimetre of blood, a 
though the force of its contraction is sufficient to cause a slight rise 
of ventricular pressure. It seems probable that under these condt- 
tions the auriculo-ventricular valves are closed at the completion of 
auricular systole, which occurs two or three hundredths of a second 
before the onset of the next ventricular systole. 


After obtaining the record above discussed, the instruments were again ad- 
justed. As a result of this readjustment the ventricles executed after 


each regular systole an extra-systole as shown in Fig. 13. Records 
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ach expiration 


systole 
lar systole 
volume curve starts d 
pressure rises above 80 mm 
of the 
At 5 the dicrotic 
pressure 
curve 
,and the cl 

to zero, and 
auriculo-ventricular 
ceases t ise. The. 


systole raises ventric 


FIGURES 1] and 12.— About one-third the iginal size Tir 
speed of the kymograph was cons rably greater in ] 12 t in | | 
and 77 mm. per s¢ 1 respectively 
The manometer was damped t recor syst pressures as at te 
In Fig. 1] aortic pressure was 1 rded, in Fig. 12 that of the left \ é 
The graduation and numbering is the same in both ree s. Comparis 
res shows ( iddit 1 ) r signif 1 e as x ' } t text) t 
the errors t the imetr met her emy i 
curve (just b vy t pressure | e line) Fig. ll is fli ‘ 
ar as well as y t iuricular movement After ust! t it 
auricular movements alone ventt me recor the vest 
curve) in Fig. 1] es an incomplete measure of the volume changes as <¢ re 
with the volume re lin | 12, because the cat meter Was 1 that 
t rt fitte ul au ‘ } 
( irther up over the ventricles, ar theref raise the v irve a 
Such errors are readily re ized, and thus easily 
In both figures the synchronous lines marked ] ‘ ite the t of 1 
se of ventricular pressure mat t t of 
lar valves are the Phe 
ward, the aortic pressure upwat \ t ventr a 
, and thus excee 1ortic pressure At4 ‘ rest 
rit ar pressure pe. i t the 
e aort Irv the s ler at the ¢ 1of the t 1 
pressure of 125 mr and the blunt t of the mit 
prefore, occur the end of systole, the mpletion of 1 
f the semilunar valves At 6 ventni ir pre é 
ime curve Start ipward cat the « el 
and refilling of tl entricles At 7 the vo rve 
les are so completely filled that the succes g aur 
)ar pressure slightly, but does not rease the volume 
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similar to the pressure curve here 
given have been published by 
Marey from a horse, and by 
Hiirthle from a dog. In patho- 
logical conditions, such as mitral 
stenosis, extra-systoles are of not 
uncommon occurrence. The vol- 
ume curve in the record shows 
that the extra-systole, following 
the regular systole before the ven- 
tricles have had time to fill, causes 
only an inconsiderable discharge 
into the arteries. The refilling 
of the ventricle after the extra- 
systole is accompanied by a nega- 
tive wave in the auricular curve 
The three beats here shown oc- 
curred in the pause between res- 
pirations. During inspiration the 
record (not shown) was entirely 
similar to the third, fourth, and 
fifth heart-beats in Fig. 12. 


RESPIRATORY VARIATIONS 
IN THE VOLUME CURVE. 


The extent to which varia- 
tions in the volume discharge 
of the ventricles may occur 
synchronously with the res- 
piratory movements, is shown 
in Fig. 14. Examination of 
this record shows that the dif- 
ferences in the volume curve 
during the different phases of 
respiration are entirely de- 
pendent on the rate of the 
heart-beat. The amount of 
the discharge of each of the 
narrow beats occurring dur- 
ing inspiration is diminished 
not because the ventricles re- 
lax more slowly, or are filled 
less readily, but because one 
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beat follows the preceding before the 
ventricles have had time to relax. The 
picture of the respiratory differences in 
the heart-beat afforded by this record 
is probably somewhat exaggerated from 
thenormal. But the heart-beats accom- 
panying and immediately following in- 
spiration are, except in a very slowly 
beating heart, always distinctly smaller 
than the slower beats between respira- 
tions. The up strokes of the volume 
curve expressing the filling of the ven- 
tricles are as distinctive and almost as 
uniform as are the systolic down strokes. 
The differences in the volume curves 
during the successive phases of the res- 
piratory cycle are due entirely, there 
fore, to the variations in rhythm. The 
rapid sequence of the systoles accom 
panying and following inspiration causes 
the systolic down stroke of one beat to 
set in before the diastolic up stroke 
from the preceding beat is complete, 
The slow sequence during the respir- 
atory pause, on the other hand, allows 
a sufficient interval between successive 
beats for the completion of the up 
stroke, or, in other words, for the relax- 
ation of the muscle fibres of the walls 
of the ventricles and the filling of the 
ventricular chambers. 
rhis record shows also that the inspiratory 
increase in rate of beat induces the 
phenomenon of Treppe in the muscu- 
lature of the ventricles resulting in a more 
complete emptying of the ventricular 
chambers by each systole. Owing to a 
similar Treppe, or more probably, to an 
increase of tonus in the auricles, the 


cardiometer placed on the right appe 


Mammalian Heart. 
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age was not air tight during the inspiratory period. Hence the failure 


to record auricular systole during this period. 


It is sometimes taught that the inspiratory rise of arterial pressure 
is due not only to the increased rapidity of beat accompanying inspir- 
ation, but also to a greater amplitude of the inspiratory beats induced 
by the increased negative pressure in the thorax.!’ No such increase 
in amplitude occurs under the conditions of these experiments. In- 
deed it cannot occur even when the thorax is intact; for the extent 
to which the ventricles fill is determined wholly by the length of 
time allowed for the relaxation of their walls to develop. Cardiac 
muscle, like striated muscle, at the completion of a contraction does 
not pass instantly into a condition of flaccidity; but relaxes at a rate 
determined by intracellular events. There must indeed be some 
extending force, corresponding to the weight which is hung on the 
ordinary muscle preparation in isotonic contraction curves. Within 
wide limits, however, the relaxation of a muscle is not perceptibly 
influenced by variations in the extending force. The rate and extent 
of the filling of the ventricles is correspondingly independent of varia- 
tions in the venous pressure (which is their distending force), so 
long at least as the supply of blood flowing from the veins into the 
auricles is not diminished, nor its pressure considerably lowered by 


hemorrhage or other abnormal condition. 


The record above discussed and many similar tracings support the proposition 
advanced by Erlanger that the pulse-pressure (the difference between 
systolic and diastolic arterial pressure) is proportional to the systolic vol 
ume discharge of the heart. The present writer believes, however, that 
this proposition will require certain qualifications. As further work in 
this field is promised by Erlanger, the matter will not here be discussed 


further. 
THE FORCE WHICH FILLS THE VENTRICLES. 


Whether the filling of the ventricles is wholly dependent on venous 
pressure, or is due to venous pressure aided by a suction developed 
within the expanding ventricle, is a question which logically demands 
discussion in this place.” Yet, as the question is one of considerable 
difficulty and complexity, this discussion may properly be left for a 
later paper. Only the conclusion to which the writer has been led will 

' For literature see Tigerstedt, R.: Ergebnisse der Physiologie, 1903, II, 2 
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> See technic of the pressure curves, page 336, and paragraph 3, page 3 
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here be stated; a conclusion based upon the study of many volume 
curves, upon a careful repetition of the experiments of previous writers 


is as follows: 


and upon researches also along novel lines. 
The blood streaming along the veins toward the heart distends th 
thin but elastic walls of the cardiac reservoirs, —the auricles | 
elasticity of the walls of the auricles, thus brought into play, is 
the force which during ventricular diastole drives the blood throug] 
the auriculo-ventricular orifices, and distends the ventricles as rapidly 
as their walls relax. If during the first stage of diastole the ventr 
cles exert a suction, the importance of such action as an aid in the 
filling of the chambers is slight. From the hypothesis of an “ active 


diastole,” as postulated by Luciani? and Stefani,’ the present write: 


wholly dissents, although these investigators based their opinions t 


a great extent upon data similar in character to those described in 
this paper. Finally it may be stated that the manner in which the 


filling of the ventricles is described in this paper is not at variance 
with the conclusion upon this matter to which Porter was led by 
measurements of the synchronous pressures in the auricle and ven- 
tricle, —although at first sight such may appear to be the case 
Porter * holds that blood flows into the ventricle from the completion 
of one systole until the onset of the next. All of the graphic records 
published by him in support of this opinion exhibit a rapid rhythm of 
heart-beat. The volume curves in this paper show concordantly 
that, when the rhythm of beat is rapid, the filling of the ven 
begins at the completion of one systole and ends at the onset of that 
succeeding. They show that it is only when the rhythm is slow that 
the filling of the ventricles is completed in a period considerably less 
than that elapsing from the termination of one systole to the onset of 
the next. 


THE RELATION OF THE AMPLITUDE OF THE VOLUME CURVE 1 
THE RATE OF BEAT. 


The volume curve, when the rate of heart-beat is slow, may be 
described roughly as consisting of a down stroke, an up stroke, and 


a horizontal line. These lines correspond to the contraction, relax 


1 Conclusions similar to these, and based apparently on ! ta are 1 


ported by R. von den Velden, Zentralblatt fur Physiolog Tgoft .. 
2 See page 330 of this paper. 


3 See page 332 of this paper. # See page 329 of this paper 
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ation, and rest of the cardiac muscle. They express the discharge of 
the ventricular chambers, their refilling, and the interval elapsing 
before the next discharge. Variations in the rate of heart-beat are 
effected chiefly by varying the length of the interval of rest. Within 
the limits of the normal variations in the rate of beat the down stroke 
or discharge and the up stroke or refilling remain practically unal- 
tered. Within these limits, therefore, the output of the heart per 
minute must be proportional to the rates of beat. When, however, 
the rate becomes so rapid that the interval of rest between relaxation 
and contraction wholly disappears, the output reaches a maximum. 
Any further increase in the rate of beat necessarily involves a diminu- 
tion in the volume discharged by each individual beat. Thus the out- 
put, which is the product of the rate and amplitude of beat, remains 
practically stationary. Indeed, beyond a certain point the diminution 
in amplitude is more than proportional to any increase in rate. 

An example of the graphic records on which these statements are 
based is reproduced in Fig. 15.!_ The three records show the form of 
the volume curve at rates of go, 120, and 200 beats per minute respec- 
tively. The first and (for a dog) nearly normal heart rate allows a 
distinct interval of rest between the completion of the filling of the 
ventricles and the next discharge. The second by eliminating this 
interval attains practically the maximum output of this heart. As 
the difference in the amplitude of the individual beats in the two 
records is very slight (35 and 33 c.c. respectively), the output per 
minute indicated is very nearly in the proportion of go to 120. The 
tremendous rate of the first three beats in the third record, however, 
diminishes the amplitude of each beat from 33 to 21 c.c. The slopes 
of the up and down strokes of the volume curve remain unaltered. 
Thus the increase of rate from 120 to 200 does not materially increase 
the output. Neglecting the coronary circulation, but remembering 
that these measurements indicate the volume changes of the two ven- 
tricles together, we find the output per minute of each ventricle at the 
rates of the second and third records to be 1995 and 2100 c.c. 
respectively, 


In a communication to the American Physiological Society? the writer has 
expressed the belief that the increase of the rate of heart-beat beyond a 


1 Although this tracing has certain technical defects, it has been selected from 
among a large number of similar records, because it happens to exemplify a greater 
number of separate points than any one other record obtained. 

* This journal, 1906, xv, p. 19. 
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certain limit involves a more than proportional diminution in amplitude ; 
that the output is thus progressively diminished until finally a condition 
is reached in which one beat follows another with so short a diastolic 
interval that the pumping action of the ventricles practically ceases ; that 
such a “tetanus of the heart” is the cause of death in at least one form 
of shock ; and that shock of this form is due to a progressive diminution 
of the carbon-dioxide content in the blood. The data on which these 
opinions rest will be presented in a later paper in which will be described 
also the technic employed to induce the variations in the cardiac rhythm 


exhibited in the experiments of this paper. 


In the third record in Fig. 1§ the volume curve goes considerably 
lower than in the previous records. This indicates that the high rate 
of beat induces a Treppe involving a more complete emptying of the 
ventricular chambers than occurs at slower rates. Ata rough esti- 
mate from the data of these experiments it appears that in a heart 
beating slowly the discharge volume is only two-thirds of the diastolic 
volume, — the other third of the diastolic volume remaining in the 
ventricles at the end of systole. The systolic volume of a rapidly 
beating heart is on the contrary very small, — the cavities of the ven- 
tricular chambers being practically obliterated at the end of systole. 
Such “ staircase ” variations do not, however, appear to alter materi- 
ally the form of the volume curve. They merely determine the level 
at which the curve occurs. The variations in the form of the curve 
and its amplitude are apparently determined wholly by the rate of 
beat. 


THE INFLUENCE OF VAGUS STIMULATION AND OF VAGUS SECTION 
UPON THE VOLUME CURVE. 


During the period of ventricular standstill under the influence of 
vagus stimulation (Fig. 15), the auricles executed two fugitive beats. 
Their effect on the ventricular volume, as shown in the record, was 
insignificant. Such records — and many such have been obtained — 
support the view already expressed as to the dynamic unimportance 
of auricular systole. They indicate also that in respect to the heart 
of the dog the vagus in some cases exerts a stronger influence over 
the ventricle than over the auricle. By a careful adjustment of the 
strength of the stimulation the writer has frequently (although not 
invariably) succeeded in bringing the ventricles to complete standstill 
without alteration (or with only a slight slowing) of the auricular 


Volume Curie of Ventricles of the Mammalian Heart. 351 


beat. This result does not, however, necessitate the recognition of 
direct connections of vagus fibres with the ventricle. It is more prob 
able that it is due to a blocking of the waves of excitation in the 


auriculo-ventricular bundle, —an explanation which serves also for 
the occurrence of a considerable lengthening of the period between 
the end of auricular systole and the onset of ventricular systole on 
moderate vagus stimulation. 


In this connection mention must be made of an observation which 
has repeatedly occurred in these experiments. On section of bot 
200" 


AM 10:10 10:25 10:45 


DOG 10 KILOS. 
FEB, 25 1906 


FiIGuRE 16.— One-half the original size. Time record (added after the other records 
aortic pressure, and ventricular volume curves The v ime Irve ¢ s the sul 
maximal character of the beats after both vagi are cut (as at 10.1 Ch it 10.2 
there occur distinct intervals of diastasis, although the beats are of less than tw 
thirds the normal (maximal) amplitude. At 1045 the beats have returned si 
to the normal amplitude that moderate vagus stimulation induces slow maxima 


beats (10.50) 


vagi (or occasionally on section even of one vagus) the heart not only 
beats more rapidly, but also sub-maximally, —the amplitude of the 
volume curve being diminished to an extent considerably more than 
would be the case coincident with the same increase in rate prior to 
vagus section (Fig. 16). From this observation it would appear that 
the vagus normally plays a part in holding in check each cardiac 
excitation until it has attained the strength of a maximal stimulus. 
The sudden withdrawal of this factor upsets the balance of influences 
which, normally maintaining the “all or none” character of the heart- 
beat, allows only of variations in rhythm. In the course of an hour 
after vagus section, this balance appears to be readjusted to the 


changed conditions, for the amplitude of the heart-beat as revealed 


r~ | / | 
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in the volume curve again becomes maximal. It is important to note 
that this departure from the “all or none law,” and from the principles 
discussed below, occurs only when the heart just prior to the vagus 
section has been beating at a slow normal rhythm. This observation 
appears to support the view presented in the latter part of this paper 
that the influence of the vagus is not a factor in the development (or 
in checking the development) of the cardiac excitation, but is a factor 
in checking the discharge of excitation which induces the heart-beat. 


THE PRINCIPLES UNDERLYING THE NORMAL VARIATIONS IN THE 
BEHAVIOR OF THE VENTRICLES. 


The volume curves obtained at different rates of heart-beat, as in 
the three records of Fig. 15, appear at first sight to differ widely one 
from another. On more careful comparison, however, these differ- 
ences are found to be merely the immediate results of the variations 
in rate. The individual contraction and relaxation curves at every 
rate are identical with those at every other rate, so far as the rate 
allows time for their development. This identity is readily demon- 
strated. Lay a piece of transparent paper over the first contraction 
curve following vagus standstill in the third record of Fig. 15, and 
trace its form from extreme distention down to the point of extreme 
discharge. Then place the latter point in the tracing upon the cor- 
responding point of the last contraction previous to the vagus stand- 
still, and trace up along the full sweep of the relaxation throughout 
the period of vagus stimulation. The result is a more complete 
contraction and relaxation curve than any other recorded. If now 


this more complete volume curve be superimposed upon every other 
volume curve of this heart in such a way that the points of extreme 
systolic contraction correspond, it is found that every point in the 
latter lies in the more complete curve. It thus appears that the ven- 


tricles contract and refill in a manner which is invariable at every 
rhythm of beat, from the slowest to the most rapid. 

The form of this more complete volume curve expresses the most 
important properties of the heart. The gradient of the down stroke 
expresses the volume of blood discharged through the semilunar 
valves during each hundredth of a second that the ventricles are in 
systole. This gradient is throughout the greater part of the contrac- 
tion remarkably uniform. When allowance is made for the fact that 
the stylus of the recording tambour itself moves in the arc of a circle, 
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the contraction curve becomes at all points, except its extreme lower 
end, a line which may be treated as straight. This indicates 
throughout the greater part of this period the rate of discharge is 
uniform. The relative volume discharge of every systole, as com 
pared with every other systole, is therefore proportional to the duration 
of the period of uniform discharge. Since within the limits of the 
normal variations in rhythm of beat this period varies very slightly, 
the systolic discharge volume of any heart must be subject to,very 
. slight variations. Indeed, we may consider that the output per minute 
of any heart is proportional to its rate of beat up to that rate at which 
the duration of systole begins to be distinctly abbreviated. 

The gradient of the up stroke expresses the rapidity of the relaxa 
tion of the ventricles. The more rapid the relaxation during the 
early part of diastole the higher the rate of beat attainable at which 
the duration of systole will not be abbreviated nor its discharge vol- 
ume diminished. Furthermore, if the complete volume curve is an 
invariable characteristic for each individual heart, as is here assumed, 
the form of the complete relaxation curve determines for that heart 
the duration of systole and of diastole (plus diastasis) at all pos- 
sible rates of beat. Conversely also it follows from this assump- 
tion that the form of this curve may be plotted from measurements of 
the duration of these periods in the pulse curve. The duration of 
diastole (plus diastasis) at various rates of beat must be proportional 
to the abscissal values of points in the complete relaxation curve for 
which the corresponding ordinatal values must be proportional to the 
duration of the period of systolic discharge at each of these rates 
respectively; for the amplitude of every relaxation fills the measure of 
the next succeeding contraction ; and the amplitude of the contractions 
are approximately proportional to their duration. 


THE HEART-BEAT A TWITCH CONTRACTION. 


In order to appreciate the points which must now be considered, 
it is advisable to turn the volume curves upside down, so that the 
contraction and relaxation bear the same relation to the abscissa as 
is customary in records of striated muscle. When the records are 
examined in this way, a striking similarity between the volume curve 
of the ventricles of the mammalian heart and the familiar contraction 
curves of a muscle nerve preparation becomes immediately apparent 
Indeed a little reflection shows us that we are here dealing not merely 
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with a similarity but with an identity. The volume curve is the con- 
traction curve of a muscle. The variations in the volume curve 
represent variations in the behavior of the muscle of the heart iden- 
tical with those of a skeletal muscle under similar conditions in 
respect to stimuli and load. Thus in Figs. g and 10, in which the 
rate at which the contractions of the heart succeed one another is 
slow, the volume curve is merely a series of isotonic (or more pre- 
cisely after-loaded extension) curves, such as are induced by a slow 
« series of single and instantaneous maximal stimuli. In Figs. 11 and 
12, the period between successive stimuli shortens during inspiration, 
so that the time allowed for the relaxations of the muscle of the ven- 
tricle is not quite sufficient for it to return to its resting length. In 
Figs 14, the interval between stimuli during inspiration is shortened, 
so that the volume curve takes the form commonly denominated as 
the “genesis of tetanus.” Here, too, the Treppe induced by the 
rapidly succeeding stimuli is as apparent as in tracings obtained from 
the gastrocnemius of a frog. Only in one respect does this cardiac 
“genesis of tetanus” differ from the tracings which the note-book of 
every medical student contains. It shows no evidence of fatigue; for 
every relaxation of the heart, even after hundreds of such rapidly 
succeeding contractions, returns toward the abscissa along the uni- 


form path of the complete relaxation curve. For this the rapidity of 
the chemical exchanges allowed by the relatively great volume of 


blood pouring through the coronary circulation affords a sufficient 
reason. Finally, if we examine the third retord of Fig. 15, and ask 
what it is that causes the great lengthening of the muscle fibres of the 
ventricle and their subsequent prolonged quiescence during vagus 
stimulation, it is evident that the simple and complete answer is that 
during this period the muscle receives no stimuli. 


THE VENTRICLE AS A WORK-ADDER. 


The observation that the volume curve of the ventricles has the 
same form as the contraction curve of a muscle, leads to the conclu- 
sion that throughout the cardiac cycle the volume changes of the 
ventricular chambers are proportional to the corresponding changes 
in the length of the muscle fibres in their walls.!. The relation be- 

1 Strips of heart muscle appear (according to the graphic records published by 
a number of investigators) to yield isotonic curves essentially similar in contour 
to those of striated muscle. See, for instance, the records of ERLANGER on pp. 
176-182 of this volume. 
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tween volume and extension is similar to the- relation between the 
volume of the cylinder of a pump and the movements of its plunger. 
The volume of a bag like the heart might be expected to vary not 
directly, but as the cube of the linear extension of the material com- 
posing its walls. The cause of the direct proportionality must 
looked for in the arrangement of the fibres of the myocardium 
attainment affords perhaps the reason for the complex arrangemen 
of the fibres. 


The existence of this direct proportionality renders simple the 


technic of experiments which demonstrate the similarity inthe me 
chanical properties of cardiac and skeletal muscle. ‘The variations in 
the linear extension and tension of a muscle, when subjected to con 
ditions similar to those under which cardiac muscle works, must be 
found to be essentially similar to the volume and pressure curves 
of the ventricles. The analogies between the volume curve and 
isotonic curve, the pressure curve and the isometric cur 

scribed by Frank, have been quoted earlier in this paper. 

larity between the volume curve of a rapid series of beat 

the “ genesis of tetanus” has been discussed. <A more rig 

of the similarity of the properties of cardiac and skeletal 

now be described. 

The muscle of the ventricles contracts and relaxes under mechani 
cal conditions practically identical with those to which a striated 
muscle is subjected, when attached to the instrument known as a 
work-adder. In order to establish the validity of the thesis that the 
mechanical properties of cardiac and skeletal muscle are essentially 
the same, it must be demonstrated that the latter, when attached to 
a work-adder and properly stimulated, behaves as does the normally 
beating heart. The rhythm of discharge of successive stimuli must 
be slow. Each stimulus must be single, instantaneous, and maximal 
Under these conditions the curves of the tension and extension of 
the muscle should be found to be similar in form to the ventricular 
pressure and volume curves; and these curves should bear the same 
chronological relations to each other and to the movements of the 
ratchets of the work-adder that the curves from the heart bear to each 
other and to the movements of the heart valves. 


In Fig. 17 are reproduced the tension and extension curves obtained from the 
gastrocnemius muscle of a frog, working under the conditions shown in 
Fig. 18. The origin of the muscle is attached to the spring of a Hurthle 
manometer by means of a lever. ‘The stylus of the manometer records 


i 
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the changes of tension on the muscle fibres. The Achilles tendon is 
attached to the lever of the work-adder, so that this lever records the 
changes in the length of the muscle. One ratchet (4.V.) upon the 
wheel of the work-adder performs a function similar to that of the auri 
culo-ventricular valves. The other 

ratchet (.S.Z.) 


while the muscle is relaxing, — just as 


supports the load 


the semilunar valves support arterial 


pressure during diastole. Above the 


tension curve are indicated the points 


FIGURE 17.— One-half the original size “IGURE 18.— The upper part of the appara- 
7, the tension, and £, the extension tus here represented consists of the spring 
curves of the gastrocnemius muscle of and stylus of a Hiirthle manometer and an 


a frog contracting under the conditions additional lever, to which the origin of the 


shown in Fig. 18. The up and down muscle is attached. Thus the tension of 


strokes of the lines S.Z. and 4.V. in- the muscle is recorded. The Achilles ten- 


dicate the points of opening and clos- 
ing, respectively, of the ratchets cor- 
responding to the heart valves. The 
relations of these events to the ten- 
sion and extension are indicated by 
the synchronous lines on the third 
“ beat.” 


at which these ratchets open and close. 
axle of the wheel corresponds to arterial pressure. 


don is attached to a lever, by which the 
changes in the length of the muscle are re- 
corded. By means of the ratchet 4.V-. the 
muscle at each contraction turns a large 
wheel and thus raises a heavy weight 
When the contraction is complete and the 
muscle begins to relax, the ratchet S.Z. 
holds the wheel and supports this weight, 
while the muscle is extended by the small 


weight on the lever. 


The weight hanging from the 
The distance through 


which this weight is lifted at each contraction of the muscle corresponds 
“to the volume of the blood discharged at each systole. ‘The small weight 
hanging from the lever of the work-adder, so as to extend the muscle to 


its original length after each contraction, corresponds to the distending 


force of venous pressure. 


Examination of the record shows that the points of opening and 
closing of the ratchets bear essentially the same relations to the ten- 
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sion curve as the graphic records obtained by Chauveau from t! 
of a horse exhibit between the movements of the cardia 

the intraventricular pressure curve.’ Indeed, the tension and 
sion curves of the muscle throughout a cycle reveal pra 
the characteristics of the pressure and volume curves 
whose rate of beat is slow. If the rate at which successive st 
are applied to the muscle is progressively increased, the total a: 
of work done is increased at first proportionately (Fig. 19) 


is lifted further per minute, just as the volume of blood disé 


increased proportionately to an increase in the heart rate. 


FiGURE 19.— Two-thirds the 
nerve preparation similar { 
‘rhythm of beat” upon “output” and amplit 


vagus standstill 


however, the interval between successive stimuli becomes shorter 
than the period required for a contraction and complete relaxation, 
the work done per minute is diminished, just as it has been shown 
that the output of the heart reaches a maximum, above which may 
mum an increase in rate causes a diminution in amplitude 

Thus a striated muscle, when workiug under conditions similar 
those to which cardiac muscle is subjected, satisfies the requirements 
of the principles which have been postulated as controlling the heart 

— passing rhythmically through three states, contraction, relaxation, 
and rest, and exhibiting in its tension and extension curves a behavior 
identical with that of the heart. 


THE PERIODS OF THE CARDIAC CYCLE. 


Regarded in this manner the cardiac cycle is seen to consist 
only of two periods, but of three; for the heart when beating at a 
slow natural rate passes rhythmically through three states 


' CHAUVEAU, A : Journal de physiologie et de pathologie, 1899, i, p. 3 
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1. Systole, the period of the contraction of the ventricular muscle 
fibres including, 

a. The brief interval of rapidly rising tension prior to the opening 
of the semilunar valves, and 

6. The period of discharge lasting from the opening to the reclosing 
of the semilunar valves. 

2. Diastole, the period of the relaxation of the ventricular muscle, 
including, 

a. The brief interval of rapidly falling tension beginning at the 
instant of closure of the semilunar valves and ending with the open- 
ing of the auriculo-ventricular valves, and 

6. The period of the refilling of the ventricular chambers begin- 
ning at the opening of the auricular valves and ending gradually as 
the muscle ceases to relax.' 

3. Diastasis, the period of quiescence beginning gradually as 
diastole ceases and ending abruptly at the onset of the next systole. 
During this period there may be no farther relaxation of the ventri- 
cles if the number of beats executed in the few seconds preceding 
has been few, and the tonus is therefore slight. If, however, the 
beats have been occurring in rapid succession, there may be a grad- 
ual relaxation throughout this period as the tonus thus induced 
gradually wears off. This period is of extremely variable duration. 
Stimulation of the vagus allows the ventricle to come to rest, not in 
diastole (as the term is here used), but in diastasis. Increase of rapid- 
ity of beat up to the point of maximal output is accomplished almost 
entirely by the abbreviation of this period. At the rate of maximal 
output, systole follows diastole immediately, and there is no diastasis. 
With respect to auricular systole it will be evident that, since it 
always immediately precedes ventricular systole, it may occur during 
the latter part of ventricular diastasis when the rate of beat is slow; 
during the latter part of diastole when the rate is that of the maximal 
output, or even immediately after the preceding ventricular systole 
when the rate is very abnormally rapid. 


THe PROPERTIES OF CARDIAC MUSCLE, THE FUNCTIONS OF THE 
NERVE NET, AND THE NATURE OF THE VAGUS INFLUENCE. 


We may now consider briefly the bearing of the data and discus- 
sion above presented upon the question of the cause and nature of 


1 Up to this point this division of the cardiac cycle is essentially the same as 
that proposed by HURTHLE, /oc. cit., p. 84. 
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the heart-beat. Without attempting to review the ever re 
complexity, to which the myogenic hypothesis has been 

may ask, Does the explanation of the behavior of the mamm 
heart, as revealed in the volume curve, involve fewer and s 


assumptions if we adhere to the myogenic, than if we emp! 


neurogenic hypothesis? To this question the writer feels cor 
to answer in the negative. Indeed, the analogy which has been 
between the behavior of the heart and that of a muscle atta 


ing to maximal! stimuli discharged by apy 


work-adder and rea 


separate from the muscle, seems almost of necessity Ince 


sults seldom follow from any but like causes) to Involve a r 


} 


tion of a separation of functions in the heart similar to that be 
the muscle and the stimulating apparatus. Yet the dist 
tween the two hypotheses in regard to the heart-beat lies 
recognition or rejection of the idea that the machinery which ger 


ates the cardiac stimuli is distinct from that which reacts to 


stimuli; and in the recognition or rejection of the view tha 
fluence of the vagus is primarily exerted not directly upon the « 
muscle, but upon the stimulating mechanism contained in the cai 
plexus. 

The standstill of the ventricle under the influence of vagus st 
lation has been defined above as ‘a period during which the mus 


fibres of the ventricles receive no stimuli.” The slowing of the b 


by more moderate stimulation is merely a “ lengthening of the 
between stimuli,” — at least this is the explanation of the changes 
the volume curve which would be given by any physiologist wh 


shown such a record as the lower tracing in Fig. 15, and w 


knowing nothing more of it than that it expressed a series of cont: 
tions of a muscle—was asked to explain its significance. | 


volume curves afford, therefore, no support to the idea that the 
is a “diastoiic nerve” in the sense (as held by Stefani) that 
actively induces an increase in the cardiac volume’’;! nor to the view 
that the vagus exerts a direct regulative influence on the tonus of 1 
ventricles; nor that the vagus “directly promotes the anabo 
assimilatory processes in the cardiac muscle,” as held by Gask 
On the contrary the behavior of the ventricle of the dog's heart 


expressed in the volume curve, is identical with that of the ga 


1 See ERSTEIN’S review, / it, p. 182. 


2 GASKELL, W. H.: SCHAEFER’S Text-book of physiology, 1 
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nemius muscle of a frog, when the stimuli applied to the muscle are 
instantaneous and maximal. In the reactions of the muscle under 
these conditions all variations are dependent on one fundamental 
variable, — the rate at which stimuli are applied. All similar varia- 
tions in the behavior of the heart may be explained as dependent on 
one fundamental variable, — the rate of beat. All the variations in 
the behavior of the normal heart, induced by the vagus, appear to be 
readily explainable as due to a lengthening of the periods between 
stimuli, 

The simplicity of this explanation of the underlying reasons for the 
variations in the behavior of the mammalian heart, is in marked con- 
trast to the complexity of those to which Gaskell, Engelmann, and 
other supporters of the myogenic theory of the heart-beat have been 


led by the study principally of the frog’s heart. Thus Gaskell holds 


that in respect to “the primary action of the vagus on the heart of 
the cold-blooded animals, . . . the inhibitory action is a direct one 
of nerve fibre upon muscle fibre, and affects all the properties of the 
muscle fibre in the same way — rhythmicity, excitability, conductivity, 
contraction-force, and tonicity.”! Engelmann? goes even further 
and postulates the existence in the vagus of distinct sets of nerve 
fibres controlling respectively the chronotropic, bathmotropic, dromo- 
tropic, and inotropic variations, which he finds in the frog’s heart. 
The volume curves presented in this paper show that the mammalian 
heart also varies in rhythmicity, tonus, and contraction-force (or 
amplitude). When the respiratory variations are prominent, the 
interval between auricular and ventricular systole also exhibiis varia- 
tions which indicate differences of conductivity. Fig. 15 and the 
textual remarks upon it indicate variations in excitability. Yet all 
these phenomena, at least as they appear in the mammalian heart, 
admit of ready explanation in the simplest manner if we relinquish 
the myogenic theory, and postulate for cardiac muscle only such 
properties as are possessed by striated muscle. Adopting the neuro- 
genic hypothesis we may consider that the variations in the behavior 
of the muscle of the heart, exhibited in the volume curve, indicate 
processes in the nerve net resulting in discharges of stimuli into the 
muscle similar to those which when applied to striated muscle pro- 
duce a similar behavior. We may then employ a muscle nerve 
preparation as an instrument from whose reactions under known con- 


GASKELL, W. H.: Loc. p. 295. 
* ENGELMANN, TH. W.: Archiv fur Physiologie, 1goo, p. 315. 
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ditions we may infer similar conditions 


lisc] int liac ] 
discharged into the cardiac musculature, 


erties of the cardiac plexus. 


of reasoning leads is that the plexus normally discha 


mal stimuli; for every contraction is maximal; and si 
every instant is proportional to the number of beats 1 
immediately preceding, we must infer an entire al 
subminimal stimuli which induce tone in a resting 


The statement that the plexus of the mammalian hea 


charges only maximal stimuli, must not be understood 
the plexus is essentially incapable of submaximal discharg 
contrary, when the mammalian heart ceases to beat vi 
complete co-ordination and uniform rhythm, its vol 
exhibit a wide diversity of forms. | h curves resemble 
traction curves of striated muscle induced by stimuli of irregul 
and submaximal strength. They may be explai 

due to irregular and submaximal discharges by t 
Regarded thi ‘'y strengthen the view that cardia 

a somewhat modified variety of striated muscle, 

of each is equally the expression of the stimuli dischargs 
fibres through nervous channels The essential differen 
behavior of the heart and that of a skeletal muscle in 

lies in this, that the ractions of tl 

the influence of a very rapid series of submaximal stimuli. 
tetani of greater or less duration and strength Che 
heart, on the contrary, is a “twitch” contraction in¢ 


and nearly instantaneous stimulation. 


To the cardiac plexus we must accordingly assign the 


braic summation of various 


effecting a continual alge timuli, « 
(such as oxygen, the Na, K, and Ca ions, etc.), mechani 
coronary and venous pressures), and nervous (from vagi and 
rators) in such a manner that the excited state of each ur 
plexus is not discharged into the muscle until it has s 
proportion of a maximal stimulus. Indeed, by utilizing 
view of the properties of the synapse, we may explain the all 
character of the heart-beat by assuming that, as compared 
interneuronic connections in the central nervous system, 
tions of the nerve units composing the cardiac plexus 


resistance. Normally they yield no passage to any exci 


intensity less than that which will induce a maximal con 


— in other words, t 
| 
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the cardiac muscle. When, however, the pressure of excitation be- 
comes sufficient to break through the junction, the passage is wholly 
free and complete. 

Furthermore, the entire range of vagus influence appears to be 
»xplainable on this view by the assumption that all its fibres belong 


oa single class, and that their function is to increase, or under uni- 


form normal conditions to assist in maintaining, the resistance of 


these junctions.! This assumption accounts for the immediate results 
of the section of both vagi previously described. It accounts for the 
slowing of a normal rhythm without increase of amplitude of beat; 
for while under such conditions the excitations must be dammed 
back to a supermaximal intensity, supermaximal stimuli can induce 
in muscle only maximal contraction. It accounts for the increased 
amplitude which accompanies slowing, when the functional activity 
of the plexus is below normal and its discharges are therefore sub- 
maximal, Finally, it accounts for the variations induced by vagus 
stimulation in rhythmicity, excitability, and conductivity. Tonus 
and amplitude of beat (both in respect to Treppe and to genesis of 
tetanus) have already been explained, at least for the normal heart, 


as the reactions of the cardiac muscle to the rhythm of stimulation. 


CONCLUSION. 


Since the ventricles can discharge at each systole only so much 
blood as enters their chambers during diastole, the principles con- 
trolling and the conditions determining the diastolic filling of the 
ventricles control and determine the variations in the volume of the 
blood which is discharged into the arteries at each heart-beat. 
Present knowledge of this subject, so far as it is based upon obser- 
vation and experiment upon the mammalian heart, is not sufficient to 
ifford a clear and complete explanation of these principles and con- 
ditions. Present teachings indeed consist largely in an immediate 
application of data obtained from the frog’s heart to the explanation 
of the mammalian circulation. The study of the frog’s heart has 


shown that apart from variations in arterial pressure and rhythm of 


beat “the amount of the heart work is capable of being varied within 
wide limits by variations in the venous pressure, and more so still by 


For a similar view in respect to the vagus influence in the frog, see MUSKENS, 
L. J. J.: This journal, 1898, i, p. 510. For a study of the vagus and accelerator 


ntluences on the mammalian heart, see HUNT, R.: This journal, 1899, ii, p. 395. 
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variations in the force of the auricular contractions 
frog it appears that “it is through its int 

must be looked upon as a much more hi 

the ventricle, that the nervous system regulat 
heart.” ! 

It appears from the data presented in this paper that the 
ments do not hold true for the mammalian heart under 
altered from the normal no further than the opening 
While the filling of the ventricles of the mammalian heart 
course be interfered with by any condition which interferes 
flow of the blood along the veins toward the heart (such as 
hemorrhage or choking), the extent of filling of the ventri 
appreciably varied by variations in venous supply or pr 
normal limits. Auricular systole plays a part whi 
of very minor importance in the normally 
mechanical function of the auricles of the mammalian hear 
to be more nearly analogous to that of the sinus venosus tha 
of the auricles of the frog. The mammalian auricles are t 


garded as elastic reservoirs rather than as force pumps. 


dog’s heart is beating at a slow natural rhythm the 


refilled so rapidly after each discharge that a period of g 
intervene after the refilling is completed, and before 
auricular systole. Under such conditions the 
small fraction of a cubic centimetre of blood 
tended ventricles. The currents in the blood thu 
cause the closure of the auriculo-ventricular valves. | 
possible effect auricular systole is a factor of almost 
dynamic value. 
The vagus exerts one fundamental influence upon the mec! 
the mammalian heart when beating with normal vigor. I! 
rate of beat. All other mechanical variations in the pumpin 
of the heart are derivatives of this fundamental. ‘Thus the 
of the vagus upon the auricles is important only as alterati 
auricular rhythm induce corresponding alterations in vent 
rhythm. The vagus indeed exerts (indirectly) an influer 
the ventricle, stronger than that upon the auricle; 
periments it has repeatedly (although not invariably) been four 
possible, by a nicely adjusted strength of stimulus, to bring the ver 


tricle into standstill without altering, or with only a slight 


1 Roy, C. S.: Journal of physiology, 1879, | 


to that 
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the auricular rhythm. Section of both vagi, or sometimes even of one 
vagus when the rhythm of beat prior to the section was slow, leaves 
the heart for a time in a condition in which it not only beats more 
rapidly, but also submaximally. No such departure from the “all 
or none” behavior of the heart occurs if the rate of beat prior to 
the section was very rapid. This difference indicates that the vagus 
influence is not a factor in the processes by which the cardiac excita- 
tion is developed, but that it is a factor in regulating the intensity 
to which the excitation must be developed before it becomes suffi- 
cient to discharge into the contractile tissue. These observations 
indicate a distinction between the mechanism in which the excita- 
tion is developed and the mechanism reacting to the discharge of the 
excitation, and accord therefore with the requirements of the neuro- 
genic hypothesis. 

The cardiometer described in this paper, while not free from theo- 
retical objections and technical defects, affords an easy method of 
studying the volume changes of the ventricles. It has one essential 
idvantage over other forms of cardiometer, and over the use of the 
pericardial sack as the cardiometer chamber, in that only the ventri- 
cles are enclosed. It yields the volume curve of the ventricles alone. 
This volume curve closely resembles in form an isotonic or after- 
loaded muscle curve. It indicates that the filling of the ventricles 
proceeds as rapidly as the relaxation of the ventricular muscle allows. 
As the relaxation is rapid at first and toward completion more 
gradual, so the filling of the ventricles is rapid at first, immediately 
after the completion of systole, then more gradual. The period of 
relaxation or filling bears the same chronological relation to the period 
of contraction or discharge that the relaxation of a striated muscle 
bears to its contraction. It has been found that the volume of the 
ventricular chambers varies directly proportionately to the extension 
of the cardiac muscle fibres in their walls. The similarity of the 
heart-beat to the maximal twitch contraction of a skeletal muscle is 


attested by the similarity between the volume and pressure curves of 


the ventricles and the extension and tension curves of a frog’s gas- 


trocnemius attached to a work-adder. On this similarity are based 
the following conclusions: 

(1) The cardiac cycle consists not only of two periods, but of 
three. Systole, the period of contraction and discharge; diastole, 
the period of relaxation and refilling; diastasis, the period of rest. 

(2) Variations in rhythm of beat up to a certain optimum rate are 
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brought about almost entirely 
asis. At all rates below thi 
beats is nearly uniform. o the optimum rat 


ventricles per minute varies almost directly in ] 


rate. At the optimum rate no period of di: 


follows immediately upon diastole. Increase 


above this rate involves a shortening of systole, 


volume discharge of each beat, and no further 


} 


This behavior of the ventricles is similar to that of an ex 


as represented in curves of superimposed contractiot 
| 


of tetanus. 


(3) The systolic discharge volume of normal heart 
mately 60 per cent of the total volume difference 
relaxation (as after prolonged \ is standstill) and ex 
tion (as exhibited in hearts which at autopsy are found 


At slow normal rhythms the ventricles do not relax wh 


t tonus of the 


for during vagus stands 
off, their volume is gradually increased to the extent 
10 or 15 percent. Nor; ich rl are 
by systole; from 20 to 30 per 


tained, for,the volume of the ventricles is further 


extent by the development of the “ cardiac tetanus 


In respect to the cardiac m 
contraction remainder (tonus) 
(Treppe) at the onset and end 
nearly equal degree upon 
seconds preceding. In other words, the increase of tor 
increase of rate up to tl ptimum rate appears to 
diastolic volume of the ventricles by amounts equal to 
greater than the amounts by whicl » coincident de 
Treppe diminishes their systolic volume. The amplitud 
systolic discharge volume is therefore nearly uniform 
optimal ratesgwhile such variations as do occur tend towa 
tion of the amplitude of beat at high as compared with lk 

(4) The contraction and relaxation curves at every rate are 
with those at every other rate so far as the rate allows time for 
development. The manner in which the ventricles 


refill, as expressed in the “complete contraction’ 


relaxation’ curves, is for any heart an invariable ind 


istic. The form of this complete volume curve de 


a 
me 
the 
years 
e 
Clr 
nel 
i 
col 
tor 
lad ita Cl 
‘ 


366 Vandell Henderson. 


tion of systole and of diastole (plus diastasis) at all possible rates of 
beat. 

(5) The explanation of the behavior of the heart, as revealed in 
the volume curve, upon the analogy of similar curves obtained from 
a muscle nerve preparation, leads the writer to the conclusion that 
the simplest explanation of this behavior is found in the neurogenic 
hypothesis of the heart-beat. According to the explanation here 
offered, cardiac muscle possesses those properties and those only 
which are possessed by ordinary striated muscle. The properties 
of the cardiac plexus are such as result in the discharge of stimuli of 
a character similar to those which induce in a skeletal muscle a be- 
havior similar to that of the heart. This explanation involves the 
assumption of only one set of fibres in the vagus, —all of identical 
character, — whose function is that of regulating the resistance offered 
by the junctions of the nerve units composing the cardiac plexus to 


the transmission of excitation. 


{AppDENDUM. — The principal argument of this paper is based upon the 
assumption that the isotonic curve of cardiac muscle is similar in form to that 


of skeletal muscle. ‘That such is the case in respect to mammalian cardiac 


muscle has, however, been denied by Fredericq,' who holds that the contrac 
tion curve of this tissue has a trapezoidal form similar to that of the intraven 


tricular pressure curve. While this objection to our argument might be met 


with the suggestion that the method employed by Fredericq may have recorded 


the tension rather than the extension of the cardiac muscle (as in records of 
the apex beat in man), we are inclined to believe that this is not the principal 
explanation of the curves obtained by Fredericq. We have observed that 
skeletal muscle (gastrocnemius of frog) also yields trapezoidal or contracture 
curves when working under mechanical conditions similar to those to which 
the cardiac muscle was subjected in Fredericqy’s experiments. If the smail 
extending weight on the lever of the work-adder to which a frog’s gastrocne- 
mius is attached (as shown in Fig. 18) be so reduced as barely to re-extend 
the muscle a few contractions may transform the normal extension curve into 
a typical contracture curve, or even induce a permanent contracture from 
which the muscle does not recover its extensibility. A tendency toward the 
trapezoidal form is exhibited in the extension curves of Fig. 19. 

Furthermore we find that the reason that the left ventricle of the heart of a 
cat or dog under perfusion with Locke’s fluid frequently fails to beat, while 
the remainder of the heart beats vigorously, lies in a contracture due to the 


absence of any distending force within the ventricular chamber. If under 


1 FREDERICQ, L.: Archiv internationales de physiologie, 1906, iii 
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these conditions the left ventricle be distended with flu 1 t t 
auricle under a few centimetres’ head of pressure, this part of 
to beat vigorously. We have repeatedly seen cats’ heart 
ventricle under this treatment recovered so completely that w t 
was pumping normal volumes against a normal arterial pre ( 
Locke’s fluid). Within two minutes after the supply of flu 
was stopped the left ventricle pass d again int complet ( ! t 
still, although the perfusion of the coronary vessels from the t 
unaltered We « clude therefore 

(1) ‘That the contracture curves obtained by Fredericq t t 
that in his experiments the heart was perfus it not diste 

(2) That the similarity of the contracture developed by 1 

| 

muscle and that induced in Keietal Mus ; Vy similar mes ( t 
Is an idditional indi won of t I in the Lhest 
two varieties Of muscle. 

3) That any real suction pump action by the left ventr Nposs 
for the lack of a pressure in the aur itficient to dist t t 
results in a contracture of the ventri r mus . In furt ! | t of t 
conclusion it may be stated that we | rformed. thre Kpel ts (using 

the general method deseribed in the foregoing paper) in w essure was 
exerted upon the ventricle of the heart of a dog by forcing e ¢ 
diometer. When the pressure upon the ventricle was raised to within 3 mi 
of mercury of the venous pressure t the sam stant, t ection ot 
the eart Was practically d,— as was madicated by t S nl 
of arterial pressure. 
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INTRODUCTION. 


HE attempts to determine whether the respiratory centre in 

mammals is automatic or reflex in character have been fraught 
with insurmountable difficulties, owing to the impossibility of isolat- 
ing intact, thatcentre from all others, and then studying its nature. 
But in Limulus, as I have shown,! the respiratory mechanism is gov- 
erned by the branchial ganglia of the ventral nerve cord, and each 
ganglion which is a centre for the activities of its segment can be 
isolated from the nervous system, or can be sectioned into two lateral 
halves without interrupting the respiratory movements of the par- 
ticular segment or lateral half to which it belongs. Consequently, 
we possess in Limulus most favorable conditions for the investigation 
of the automatic or reflex character of the respiratory centre, as well 
as rare opportunity to study upon that isolated centre the effects of 
gases, temperature, drugs, and other chemical solutions. During the 
present investigation, a study of the influence of some of these factors 
upon the rhythmical respiratory activity was begun. The work was 
undertaken at the Marine Biological Laboratory in Woods Hole, 
where it is planned soon to pursue it farther. 

The paired branchial ganglia of the ventral nerve cord are the 
parts that especially concern us and merit description. Fig. I repre- 
sents a ventral view of the principal parts of the nervous system, 
and Fig. 2 the nerves connected with a branchial ganglion. Dissec- 
tion as well as mechanical and electrical stimulations corroborate 
Patten and Redenbaugh’s? description of these. The ventral nerve 
cord consists of three separate paired branchial ganglia, and posterior 

' Hype, I. H.: Journal of morphology, 1894, ix, p. 436. 


2 PATTEN and REDENBAUGH: Journal of morphology, 1990, xvi, p. 94. 
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to these, three intimately united ganglia connected by a 
cord and transverse commissures. Each ganglion has an afferent 
terior and a mixed posterior nerve root. The 

of four important branches that conduct impulses 

from the longitudinal abdominal muscles, intestinal nerve 
cardiac plexus, and the carapace. I was surprised to find 

of these branches contains both accelerating and inhibitory res] 

fibres, while the posterior root supplies both the sensory and m 
fibres for the branchial muscles and the gills. The respiratory move- 


ments consist in a consecutive dropping and raising of the gill-plates, 


respectively known as the inspiratory and expiratory phase. During 
) | | | 


the former, the gill-books become fully dilated and their contents ot! 
blood thoroughly exposed to the water, while in the expiratory phas« 
the gill-books are flattened and their contents forced out The res 
piratory movements are very variable, depending upon the conditions 
of the external medium and the internal state of the animal 

Since the gill-plates are modified swimmerets, they are active 
all forms of locomotory movements, and although they may 
active when the animal is at rest, they more often are executing 
regular rhythmical respiratory movements. Moreover, in normal 
animals, after stimulating certain parts of the nervous system, pe 
liar cramp-like movements of the gill-plates occasionally make their 
appearance. A most remarkable fact observed during this invest 
gation was, that the respiratory activity of the gill-plates continued 
in some instances as long as forty hours, not only when the heart 
but when most of the blood as well as the heart was removed from 
the body. If the intestine was also cut out, the respiratory move- 
ments did not continue so long. In fact, as shall be shown later, 
the rhythmical phases of the gill-plates are not interrupted when 


their isolated ganglion with its posterior roots is lifted trom the 


body, but their rate and rhythm may differ from those stil] attached 
to the ganglia intact with the abdominal cord. Moreover, Limuli 
can live for many days in air, but the respiratory movements are 
quite irregular, the gills often remaining for long periods in the in 
spiratory phase. The composition of the water and its contact with 
the gills may be in Limulus a constant summation of stimuli like 
that of blood in higher animals at the centre and may periodically 
become adequate. The above facts indicate that the respiratory 
movements in Limulus are to a great degree independent of the 


} 


gas volume of the blood, and that in bloodless Limuli the vitality 


| 
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gradually fades away without displaying movements comparable to 
dyspnoea in higher vertebrates. 


METHOD. 


During the operation the animal was fastened on an inclined plane 
so that the gills were, but the exposed ganglia and nerve roots to be 
operated on were not, under water, while a constant stream of sea 
water flowed over the sides and back of the animal. Under these 
conditions, the gills continued their rhythmical respiratory activity for 
an indefinite time. 

Knowing that each ganglion of the ventral nerve cord or each 
lateral half of a ganglion can be isolated not only from the brain but 
from each other without interrupting the respiratory movements of 
the gill-plates innervated by them, the problem of ascertaining 
whether the branchial ganglia are automatic or reflex in character 
seemed at first a simple one. It was but necessary to prevent sen- 
sory or afferent impulses from reaching them by a method that 
avoided shock or stimulating effects, and did not destroy the irritabil- 
ity of the ganglia or the conductivity of the motor nerves. I found 
that if the animal was partially anesthetized with ether, and the re- 
gions of the cord or nerves that are to be cut treated with cocaine 
or frozen with ether vapor, that shock and stimulating effects were 
avoided. It was possible, therefore, to proceed in the process of 
isolating a respiratory centre as far as cutting the cord anterior and 
posterior to it, and then all the branches of the anterior root, without 
interrupting respiration. Since the sensory and motor fibres are so 
intimately combined in the posterior root it is impossible to cut one 
set without the other. This fact proved the stumbling-block in the 
whole experiment. It was necessary, therefore, to devise some method 
by which the sensory paths could be blocked without affecting the 
functions of the motor fibres. 

For the purpose of paralyzing the sensory fibres without disqualify- 
ing the motor, two successful methods were finally adopted. In the 
orie cocaine hydrochlorate and in the other strong electrical cur- 
rents were employed to block the afferent impulses to the branchial 
ganglia. The results of many experiments demonstrated that the 
length of time of action and the strength of the cocaine or electrical 
current required to paralyze the sensory fibres was not the same for 
all Limuli. These factors, therefore, had especially to be determined 
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the results of a long succession of experiments proved that cotton 


for each individual animal previous to the operation. A survey 
fibres soaked in 0.2 per cent to 0.5 per cent cocaine hydrochlorate 
applied for ten to thirty minutes to the posterior root completely 
blocked the sensory but not its motor impulses. It required three to 
twenty minutes more to paralyze the latter. 

To achieve the same results with theelectrical current, it was neces- 
sary to stimulate with strong induction currents for thirty to thirty-five 
seconds, while the motor impulses were blocked in forty to fifty sec- 
onds. As soon as the sensory impulses in the posterior root are cut 
out, the branchial muscles of that side lose their tone, and mechani- 
cal stimuli applied to the innervated region fail to elicit a response 
either on the same or opposite side. In addition to these manifesta- 
tions of inhibition or block of sensory impulses, the threshold value of 
the electrical current was employed to test the efficiency of the block. 
Before attempting to cut out the afferent impulses, the threshold 
value of a current applied to a posterio root of an isolated ganglion 
that would stimulate the branchial muscles of the same side, and also 
that value which, when applied to the same spot stimulated the move- 
ments of the gills on the opposite side, were accurately determined. 
In the latter case, the impulse passed to the ganglion, and from it 
in the posterior root on the opposite side to the branchial muscles of 
its side. With these data at hand, the sensory block was _ in- 
vestigated by applying the threshold current to the posterior root 
peripherad and centrad to the blocked region, and then to the poste- 
rior root of the opposite side. If the block was complete, the thresh- 
old strength of current applied peripherad to it would cause increased 
activity of the gill-plates on the same side through motor fibres, but 
not of those on the opposite side, since the impulses could not reach 
the ganglion. On the other hand, if that current were applied cen- 
trad to the block it would stimulate the gills on the same side through 
the motor fibres as well as those on the opposite side, and the same 
strength on the posterior root of the opposite side would produce in- 
creased respiratory movements on the blocked side, thus proving 
altogether the existence of the afferent block in the posterior root of 
one side. The block in the opposite posterior root is then easily 


achieved. 


OBSERVATIONS AND SUMMARY. 


Impulses reach the branchial ganglia not only from the gills and 
branchial muscles through the posterior roots, but also through the 
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anterior roots, as has been stated above, from the integun 
heart, and abdominal longitudinal muscles that 
movements of the telson and mesothorax. When the heart 
with much loss of blood, the heart and respiratory rhythn 
quite normally. Stimulating under these conditions the | 
diac nerves in certain regions, with weak induction sho 
ates the heart’s action and inhibits respiration. Stimulat 


in the same region with strong induction shocks may accelerat 


FIGURE 2.— An enlarged itral view of an abdominal 


A. Anterior root. 1. Nerve from integument 
*. Cord 7. Nerve from longitudinal al 
G. Ganglion. . Posterior root 


i. Nerve from intestinal plexus ?. Nerve from gill-books. 


c. Nerve from cardiac plexus 


the heart and respiratory movements, while weak induction shocks 
applied to the cardiac inhibitory fibres arrest the heart, and may in 
some cases also inhibit the movements of the gill-plates. Whether 
acceleration or inhibition of respiratory movements follow stimulation 
of the lateral cardiac nerves, depends upon the strength of the cur 
rent and also the region stimulated. 

When the heart and most of the blood are removed, the gills 
continue their rhythm, and if now the intestine is detached, the move 
ments become perceptibly weaker. Weak induction shocks applied 
to the fibres extending from the intestine to the branchial ganglia 
produce inhibition, but sectioning these fibres causes marked de 
creased action of the gill-plates on the operated side. Employing the 
same or stronger currents to larger fibres in the same or other regions 
of the intestinal plexus, at once causes acceleration of respiratory 
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, the 
respiratory movements were always accelerated. The above facts 


activity. I had also observed that when Limulus was being fe 


demonstrate that stimuli from the intestine as well as from the heart 
may accelerate or inhibit the respiratory movements, and that both 
inhibitory and accelerating fibres extend from these organs to the 
branchial ganglia. 

The respiratory movements moreover are conspicuously associated 
with the contraction of the flexor and relaxation of the extensor 
muscles of the mesothorax. A slight touch on this region may 
instantly cause strong flexion of the mesothorax and cessation of the 
respiratory movements. If now a stream of water flows over the 
animal, the mesothorax gradually relaxes and respiratory activity 
gradually reappears. Direct stimulation of the extensor or flexor mus- 
cles or nerves from them to the branchial ganglia invariably produce, 
respectively, acceleration or inhibition of respiratory activity. When, 
therefore, the paths from the heart, intestine, longitudinal abdominal 
muscles, brain, segmental carapace, and neighboring ganglia are com- 
pletely cut off, there remains only the afferent path to the branchial 
ganglia in the posterior root, from the integument and muscles of the 
gill-plates. Under this condition the respiratory movements are quite 
weak. They can, however, be augmented or inhibited by suitable 
mechanical or electrical stimulations of the integument of the gill- 
plates, and accelerated if the posterior roots are stimulated. 

For the purpose of studying the nature of the branchial ganglia, it 
is first necessary, therefore, to bring them to this almost complete state 
of afferent isolation. From this stage onward, to the achievement of 
reliable facts, various methods were pursued. I shall briefly outline 
three of these that led to definite results. According to the first 
method, the rate and force of the respiratory movements is noted, for 
instance, of the gill-plates of the second branchial ganglion, isolated 
from all afferent paths excepting those in the posterior roots from 
the gill-plates, and then the threshold value of electrical stimulation is 
determined for its posterior roots, as above described. The character 
of the response to mechanical and electrical stimuli applied to dif- 
ferent parts of the gill-plates is also ascertained. With these data 


at hand, I proceeded to block, e. g., the left posterior root of the 


g 
isolated ganglion, either with a 0.3 per cent. solution of cocaine hydro- 
chlorate applied for about twenty minutes, or induction currents for 
thirty seconds to the median portion of that root. The result was, 


loss of muscle tone, failure to respond to peripheral mechanical 
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stimuli and slower almost imperceptible movements of t! 


on the blocked side. The only remaining afferent pat 


glion are the sensory ones in the posterior root of the 
Stimulating the nerve peripherad or centrad 
posterior root of the opposite side with the 
increases the activity of the gill-plate on the 

ing the integrity of the motor fibres. But 

current when applied peripherad no longer 
block will, accelerate the movements of the g 


side, demonstrating thereby the efficiency of the sen 


] 


this stage the opposite posterior root may 
cocaine, electrical current, or by freezing 
movements of the gills on both sides cease. 
caine the respiratory rate again coincides wit! 
the other side. If now the cocaine, or electric 
duced in the posterior roots on each side of 
possible afferent impulses are cut off, and 
position to demonstrate its automatic power. 
all movements of its gill-plates cease, accompanied 
following loss of sensory conduction. Moreover, the 
electrical tests prove the efficiency of the sensory b! 
ganglion and motor fibres are uninjured, and cond 

In another series of experiments, the ventral nerve 
posterior to, ¢. g., the second branchial ganglion, its rig 
halves were separated by a median incision, and the anteri 
each half was cut; furthermore the ventral cord was cut 
the right half, but the left half remained in connection 
anteriorly. The gill-plates of each half moved rhythmically 
on the right much weaker. If cocaine is now applied to bo 


rior roots, for the previously determined length of time the 


lose their muscle tone, fail to respond to mechanical stim 
respond to the threshold current applied peripherad and centr 
the block, but the gill-plate of the right half has stopped, while 
of the left half still connected anteriorly with the ventral cor 
brain is moving rhythmically. If the cord anterior to the 

is now frozen the left gill-plate at once ceases its respiratory 
Another modification in the method consisted in cutti 


posterior to the ganglion and hemisectioning the right |! 


cord anterior to the right half of the ganglion The an 


both sides were cut and the posterior roots of bot 
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the previously determined strength of cocaine for about twenty min- 


utes. If the usual tests proved the block efficient, and the gill-plates 


of both sides still moved, though the left very faintly; since some 
afferent impulses from the brain could still reach the left half of the 
ganglion through the ganglionic commissure, then freezing or freez- 
ing and cutting the cord anterior to the ganglion produced instant 
cessation of gill activity. The movements were again resumed, when 
the freezing or the cocaine blocks were removed, or if after cutting 
the cord the cocaine was washed off from the posterior roots. 

A few experiments were tried to test the influence of the gas con- 
tents of the water upon the respiratory movements. Small Limuli 
were kept in air-tight flasks of sea water through which a constant 
stream of pure carbon dioxide flowed. In a minute the irritability 
and excitatory state which resembled the first effect of ether ceased 
without dyspneoeic activity. In all cases the normal respiratory 
rhythm returned when the animals were placed in fresh sea water 
even when they were kept in the carbon dioxide water for several 
hours. ‘That this effect is due to peripheral and not central stimula- 
tion is further shown when purified oxygen or pure hydrogen instead 
of carbon dioxide constantly flowed through the flasks. In the former 
gas no apnoea and in the latter no dyspnoea was displayed in forty- 
eight hours, and the slowed movements that then existed in the 
hydrogen charged water were replaced by a normal rate and rhythm 


in fresh sea water. These results corroborate Walling’s ! 


experiments 
of a similar character, conducted two years ago in my laboratory, on 
the influence of gases upon the respiratory and heart action in grass- 
hoppers. 

The rhythmical respiratory movements in Limulus are not depend- 
ent upon the gas volume of the blood, because they persist in blood- 
less animals. The experiments demonstrate furthermore that the 
branchial ganglia in Limulus are reflex in character and that the 
respiratory movements, though they may be influenced by other 
factors, are dependent upon, and modified by, impulses from the brain, 
heart, and intestinal plexuses, abdominal longitudinal muscles, peri- 
pheral stimuli and conditions of the external medium; especially the 
gas contents of the water. 

According to Gaskell? the branchial ganglia in Limulus are com- 
parable to the ganglia that control the movements of the branchial 
1 WALLING, E. V.: Journal of experimental zodlogy, 1906. 

2? GASKELL, W. H.: Brain, 1899, Ixxxvii, p. 339. 
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ON THE CHEMICAL CONDITIONS FOR THE HEART 
ACTIVITY, WITH SPECIAL REFERENCE TO THE 
HEART OF LIMULUS. 


J. CARLSON. 


I. INTRODUCTORY. 


— experiments reported in this paper were undertaken for the 
purpose of determining the specific influence of the inorganic 
salts of the blood on the rhythm of the Limulus heart in order 
to compare the chemical conditions of the automatism of this heart 
with those of the vertebrate heart. In the Limulus heart the action 
of solutions on the heart muscle can be studied apart from that on 
the heart ganglion. It was hoped that a careful determination of the 
specific action of the blood salts on the two tissues composing the 
heart might throw some light on the mechanism of action of these 
salts on hearts in which the nervous and the muscular tissues can- 
not or have not been isolated for physiological experiments. The 
specific influence on the Limulus heart of acids, alkalies, and some 
salts besides those of the blood were determined mainly to test 
certain theories of chemical stimulation and depression of living 
tissues. 

The work was done at the Woods Hole Laboratory during the 
summers of 1904 and 1905, the main part during the first season. 
But the publication of the results has been delayed with the view of 


testing some possible sources of error in the experiments. In order 


to conclude that a change in the ganglionic rhythm following the re- 


placing of normal plasma or sea water around the ganglion by plasma 
or sea water in which the relative proportions of the salts have been 
altered, —in order to conclude that this change in the rhythm is due 
to the increase or decrease in the amount of a certain salt it must 
be shown that the change in the ganglionic activity is not due to 


possible changes in the osmotic pressure of the two solutions, to 
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action of many of the chemicals e1 iployed (the 


chiorides of barium, potassium, rubidium) m 
in solutions of less than isotonic concentratio 

‘noth they rapid 
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studied. 
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chloride or casium chloride depresses the ganglionic rhythm or the 


extent. For example, if it is found that a n solution of calcium 
amplitude of the muscular contractions, it is evident that these 
chemicals depress, and their depressor action is sufficient to over- 
come the stimulating action of the hypotonicity. But, if these chemi- 
cals were found to depress in isotonic concentrations but not in 
one-half that strength we could not conclude that they had no de- 
pressor effects in the weaker solution, because the stimulating action 


of the hypotonicity may counteract the depressor action of the 


chemical. It is, furthermore, evident that we cannot compare the 
depressor effects of different concentrations of a depressant chemical 
by using it in isotonic and in various degrees of hypertonic and hypo- 
tonic concentrations, because in the concentrations above the iso- 
tonic the depressant action of the chemical is augmented by 
the depressant action of hypertonicity; in concentrations below the 
isotonic the specific influence of the chemical is counteracted by 
the stimulating influence of hypotonicity, while in the isotonic 
concentration the action of the chemical is influenced by neither 
factor. 

The various theories advanced to account for the mechanism of the 
stimulating and depressing actions on the living tissues of chemicals 
that do not serve as food or sources of energy for the tissues will be 
referred to more extensively in the last section of the paper after 
the experimental data have been summarized. The work was not 
pursued with the view of supporting or combating any theory, but 
rather to establish some necessary preliminary facts. Suppose it is 
found that when the plasma surrounding the Limulus heart ganglion 
is replaced by a solution composed of two hundred parts of plasma 
to one part |*. 2 nitric acid, the ganglionic rhythm is augmented ; 
or suppose that augmentation or depression of the ganglionic 
rhythm follows the replacing the plasma by a solution composed of 
2 ammonium hydrate 
or fifty parts of plasma to one part ;®. x barium chloride, we may 
conceive of at least three different factors to either of which or to 
any combination of which this change in the rhythm may be due. 
1. The change in the rhythm may be an indirect effect of the chem- 
ical and physical changes produced in the plasma by the added 
chemical, rather than a direct effect of the chemical on the tissue. 
2. The added chemical may enter the cells of the tissue and produce 


four thousand parts of plasma to one part 


the change in the rhythm by acting on some processes or constituents 
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e change in the 
in a way altering the permeabil 
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the different factors may act in opposite 
importance of the different factors is probably 


ferent tissues, as we know that tissues differ ch: 


different tissues exhibit differences in permeabili 
chemical 
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blood produced by any added 


physical chemical data, 
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the tissue in question. 

It is not necessary to descril 
and the devices for graphic registration of 
conditions allowing the action of a solution to be 
ganglion apart from the heart muscle and 7vce ve? 
referred to the paper on the effects of temperature of 
heart for an account of these methods. 

The experiments were necessarily performed on 
The excised Limulus heart will continue in rhythm 
(twenty-four to forty-eight hours) when kept in 
at not too high temperature (10 -15 > C 
gradually more and more feeble, and this is particularly 
hearts in which the ganglion has been isolated in 
region. In prolonged experiments on the influence 
tions the results are therefore complicated by the 
the rhythm that takes place in the plasma or sea 
of the experiments here summarized extended ove 
hours. In fact, most of them were of much shorter 
results deal, therefore, only with the more immediate 
chemicals on the ganglion and the muscle. The chemi 
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II. THe Action oF CERTAIN NON-ELECTROLYTES ON THE HEART 
GANGLION AND THE HEART MUSCLE. 


The action of isotonic solutions of sugars, urea, and glycerine on 
the rhythm of the heart ganglion has already been briefly considered 
in relation to the question whether the immediate stimulus to the 
heart rhythm is to be referred to the electrolytes of the blood sur- 
rounding the heart tissues or to some substances or conditions within 
the automatic cells themselves.!. There only remains to be recorded 
the fact that these non-electrolytes appear to act on the heart muscle 
(and nerve endings) solely in the direction of depression, while on 
the heart ganglion they act primarily as stimulants. 

I. The action of the sugars. — When the heart ganglion is placed 
in isotonic solutions of cane sugar, dextrose, lavulose, or lactose, the 
rhythm is primarily augmented both in rate and in intensity. The 
augmentation may be accompanied by irregularity in the rhythm or 
the irregularity may first appear at the stage where the augmentation 
is followed by depression. The depression of the rhythm is gradual, 
till after a fifty to ninety minutes bath in the sugar solution the rate 
of the nervous discharges from the ganglion is much slower than 
prior to the sugar bath, and the intensity of the nervous discharges 
too feeble to produce contractions in the muscle. Only vigorous 
ganglia maintain their rhythm for that length of time in a pure 
sugar solution. Feeble ganglia, that is, ganglia exhibiting for some 
reason a weak and irregular rhythm, are brought to a standstill in a 
pure sugar solution within ten to twenty minutes. There appears to 
be no difference in the quality and intensity of action of the different 
sugars employed. The amount of primary stimulation of the gan- 
glion by the isotonic sugar solutions varies from one preparation to 
another. In two or three preparations practically no augmentation 
of the intensity of the nervous discharges was produced, while the 
rate of the rhythm was distinctly increased. There is, hence, no es- 
cape from the conclusion that 2x ¢sotonic solutions these sugars have a 


primary stimulating action on the heart ganglion. What is the mech- 


anism of this stimulating action? The temperature factor is elim- 
inated, as the sugar solutions were of the same temperature as the 
plasma or sea water which they replaced. Impurities in the sugars 
can also be ruled out, particularly in the case of the cane sugar. 
The possibility that the stimulating action might be due to a slight 


1 CARLSON: This journal, 1906, xvi, p. 221. 
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degree of hypotonicity of the sugar solutions, as com] 
plasma, is ruled out by the following experiment. I hay 
the paper referred to above that hypertonicity depresses whil 
tonicity stimulates the ganglion. Now, as a matter of fact, « 
lar sugar solution is slightly hypertonic to the Limulus g 
should by virtue of this hypertonicity depress the gang 
primarily. But the depressor influence due to the slight deg: 
hypertonicity is more than counterbalanced by some stimulati: 
tor in the sugar solution, because the solution most nearly 1 
(0.95 molecular) as well as the slightly hypertonic soluti 
primary augmentation of the rhythm. 

When these tsotonic sugar solutions are applicd to the 
a manner that the ganglion ts not affected, the amplitude « 
tion ts diminished without any primary augmentation. 
numerous preparations tested on this particular point on 
ited a slight increase in the amplitude of the contraction 
or two following the application of the sugar solutions to tl 
I am inclined to ascribe these exceptions to experimental 
ganglion being in some way stimulated, or the temper 


Su: 


ar solutions being slightly different from the plasma rep! 


The rate of the contractions cannot be influenced 


applied to the heart muscle (and nerve endings) alone, as 
determined by the ganglion. The only effects such sol 
produce are an increase or a decrease in the amplitude ot 
due to some action on the muscles or on the motor nerves a 
endings. 


| 
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The pure sugar solutions finally render the muscle 
respond to nervous discharges from the ganglion or 
impulses are prevented from reaching the ganglion by 

action on the nerves and nerve endings. In isotonic 

the heart muscle usually ceased to contract sooner th 

cessation of the ganglionic rhythm, that is, in case of ¢g 
condition. But the comparative measurements were not of sufh 
number to state this difference numerically, because 
individual variations. 

I the 
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2. The action of urea.—JIsotonic solutions of urea act on the 
heart ganglion in a way similar to the isotonic sugar solutions, only 
the action of the urea solution is much more rapid and intense. This 
applies both to the primary stimulating action and to the subsequent 
depression and final cessation of the rhythm. While a vigorous 
ganglion may continue in activity for fifty to ninety minutes in the 


of 
i| 


i j 
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Ficure 1.— One-half the original size. Simultaneous tracings from the anterior end 
(upper record) and the posterior end (lower record) of the Limulus heart. Nerve 


cord extirpated anteriorly, the two ends of the heart being connected by means of the 


} 19 


lateral nerves only, XX, the plasma surrounding the anterior end replaced by }} mo- 
lecular cane sugar solution. XX’, the sugar solution replaced by plasma, showing 
depression of the heart muscle by the pure sugar solution, not preceded by augmenta- 


tion. The rhythm of the ganglion continues unaffected. 


sugar, it is brought to a complete standstill within three to five 
minutes in the urea solution. The urea solution always produces 
irregularity of the rhythm simultaneously with the augmentation. 
The rhythm reappears after replacing the urea by plasma or sea 
water, the returning rhythm being very rapid and irregular as a rule. 
As this is not characteristic of the rhythm after a standstill in a 
sugar bath, it would seem that the urea has a greater injurious action 
on the ganglion than has the sugar. 

The primary stimulating action of the urea solution on the ganglion 
is so marked and constant that tt can hardly be due to any other 
factor than the urea itself; but the same precautions were taken as 
in the case of the sugar solution to exclude possible impurities in the 
urea, differences in temperature, lack of isotonicity, etc. The primary 
stimulating action of urea on the heart ganglion is further shown by 
the fact that a solution of urea of 0.6 molecular strength in plasma 
or sea water acts as a primary stimulant. This solution is, of course, 
greatly hypertonic, and should therefore depress the ganglion, but the 
depressor influence due to the hypertonicity is more than counter- 
balanced by the stimulating action of the urea. 

The action of isotonic solutions of urea on the heart muscle apart 
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from the ganglion is the same as that of the isotonic sugar solutions, 
only much more intense and rapid. 

3. The action of glycerine. — The influence of isotonic solutions of 
glycerine on the heart ganglion is similar to that of the sugar and 
the urea solutions. Both in its primary stimulating and its subse 
quent depressor action the glycerine acts more intensely and rapidly 
than the sugars, but less so than the urea. The depression of the 
rhythm following the primary stimulating action by the glycerine is 
always accompanied by irregularities in the rate and the intensity of 
the nervous discharges 

The action of glycerine in isotonic solutions on the heart muscle 
is the same as that of the sugar solutions, that is, a depressor action 
not preceded by stimulation. 

4. On the mechanism of stimulation. — The sugars and the glycerine 
may be oxidized by the active ganglion cells. Their stimulating ac- 
tion on the ganglion may then be due to energy furnished the cells 
This does not account for the opposite action of the sugars on the 
heart muscle, nor can the explanation be extended to the urea. That 
the isotonic sugar solution acts as a primary stimulant to the ganglion 
because of oxidation of the sugar by the ganglion is improbable. 
The fact is, that the sea water is practically as efficient a medium 
for the ganglion as the plasma, although the latter contains sugar, 
while the former does not. The sugar contents of the medium may 
be greatly increased, isotonicity being at the same time maintained, 
without augmenting the rhythm. 

Hypotonicity stimulates the ganglion. Some of the changes follow 
ing the immersion of the ganglion in a diluted plasma or sea water 
are necessarily the same as those following the immersion of the gan- 
glion in an isotonic solution of a non-electrolyte like sugar or urea. 
In both cases there will be, firstly, an outward diffusion of the clec- 
trolytes of the blood in the intercellular spaces and hence a dilution 
of the salts in solution about the cells; secondly, in all probability a 
diffusion of some of the constituents normally held within the cells 
out into the liquid of the intercellular spaces. But while these factors 
are the same in the hypotonic solution and the isotonic solution of a 
sugar, it does not follow that these are the factors determining the 
stimulating action. This caution appears all the more cogent as the 
hypotonic solution and the isotonic solution of a sugar and glycerine 
have opposite actions on the heart muscle. 

Some of the salts in the blood stimulate the ganglion (K, Na) 
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while others depress the ganglion (Ca, Mg). When the ganglion is 
immersed in an isotonic solution of a non-electrolyte the salt in the 
blood contained within the intercellular spaces will gradually diffuse 
into the solution. If the depressor salts (Ca, Mg) diffused into the 
solution considerably faster than the stimulating salts the primary 
stimulating action of a solution of sugar or urea might then be due 
simply to the temporary condition of preponderance of the stimulat- 
ing salts about the cells. This explanation might be tested by de- 
termining the rate of diffusion of these salts in molecular solutions 
of sugar, urea, and glycerine. I do not know of any such determina- 
tions. But it seems highly improbable to me that the rate of diffusion 
of the chlorides and sulphates of calcium and magnesium should be 
as much greater into a molecular urea solution than into a molecular 
sugar solution as the greater stimulating action of the urea solution 
demands on this theory. 


It is claimed by some investigators that a small amount of sugar 
in an artificial circulating medium is beneficial to the heart rhythm 


in vertebrates. This may, however, be explained in other ways than 
by a direct stimulating action of the sugar on the heart tissues. I 
do not know of any recorded observations to the effect that the ulti- 
mate depression and cessation of the rhythm of the vertebrate heart 
in an isotonic solution of pure sugar is preceded by an augmentation 
of the rhythm similar to that of the Limulus heart ganglion. As the 
sugar solution may have primarily an opposite action on the heart 
ganglion and the heart muscle in vertebrates similar to that on the 
Limulus heart, the results in the vertebrate heart are less readily 
interpreted. 

Intravenous injection of glycerine accelerates the mammalian heart 
in case the vagi are severed and produces convulsions. The convul- 
sions are probably due to the stimulating action of the glycerine on 
the central nervous system. 

As far as I know urea does not have any marked effect on the mam- 
malian heart when increased above the normal amount in the blood. 


III. THe SpeciFic INFLUENCE OF THE INORGANIC SALTS OF THE 
BLoop ON THE HEART GANGLION AND THE HEART MUSCLE. 


With the exception of the copper of the hzemocyanin and a trace 
of silicates the inorganic constituents of the Limulus blood are the 
same as those of the blood of vertebrates, the difference being only 


| 
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in absolute and relative percentage of the dit 
electrolytes of the Limulus blood are therefore the chl 
ates, sulphates, and phosphates of sodium, potassium 
nesium, and possibly ammonium. 

I. The specific influence of the blood salts on the heart ganglion 
a. The acti the sodium salts. When the isolat 
transferred from plasma or sea water to an isotonic soluti 
sodium chloride the ganglionic rhythm is primarily augmented 


in the rate and in the intensity of the nervous discharges. 


stimulating action of the pure sodium chloride on the ganglion appe 


within less than half a minute after immersion of tl 
the solution. The augmented rhythm is usually pe 
The stimulation is followed by depression of the 
nervous discharges, irregularity, and ultimate stan 

of the rhythm. The relative length of time a ganglion 
activity in a pure sodium chloride solution isotonic 
was not determined accurately. Ganglia in poor conditi 
to a standstill sooner than ganglia in good condition 


may be restored by removing 


the ganglion to plasma 
provided it has not been kept too long in the sodium 
cessation of the rhythm. 

The tsotontc solution of pure sodium chloride not o7 
rhythm of an active ganglion, but it may starta rhythm in a quiescent 
ganglion, For example, a ganglion kept in plasma or sea water at 
a temperature of 8° to 10 C. for two to three days will often be 
found perfectly quiescent at the end of this time. When such a gan- 
glion is immersed in an isotonic sodium chloride solution of the same 
temperature as the ganglion itself, the ganglion is usually resuscitated 
and may continue in activity from twenty to sixty minutes. This 
inauguration of the rhythm ina quiescent ganglion must be associ 
ated with the sodium chloride itself, because acrating or renewing 
the plasma about the ganglion does not produce these results 

It is not necessary to use the sodium chloride in isotonic concen- 
trations to obtain this stimulating action on the ganglion. ‘The same 
results are obtained by increasin 


sodium chloride in the blood, the isotonicity of the medium bein 


the relative percentage of the 


at the same time maintained. Thus a ganglion removed from the 
plasma to a solution made up of plasma and ,*, x sodium chloride in 
the proportion I-1 invariably exhibits an augmented rhythm, but the 


1 Analysis by Mr. H. McGuigan, the results soon to be reporte 
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augmentation is not so great as in the pure sodium chloride. When 
the proportion of sodium chloride in the mixture is less, the stimu- 
lating action on the ganglion is correspondingly diminished. 

By the same method of experimentation the sulphates and carbon- 
ates of sodium were also found to have a primary stimulating action 
on the ganglion. The relative stimulating power to these three 
sodium salts was not accurately determined, but the chloride seems 
to act more strongly than the sulphate or the carbonate. The spe- 
cific influence of the phosphate of sodium on the ganglion was 
not determined. 

b. Zhe action of the potassium salts.—The attention was directed 
mainly to the chloride, in the first place because the influence of this 
salt on the heart ganglion is of a nature opposite to that on the heart 
muscle. My interest in the action of potassium chloride on the heart 
ganglion of Limulus was further increased by the theories of Bottazzi 
and Howell associating this salt with physiological inhibition of the 
heart.!. I have shown in a previous paper that in Limulus the in- 
hibitory heart nerves stop the heart, not by acting on the heart muscle 
but by inhibiting the automatic heart ganglion.” If potassium chloride 
is in some way associated with physiological inhibition of the Limu- 
lus heart, that fact ought to be indicated by its action on the heart 
ganglion. 

Potassium chloride in strengths that affect the heart ganglion at all 
acts as a primary stimulant to the rhythm. When the isolated gan- 
glion is placed in an isotonic solution of pure potassium chloride the 
activity of the ganglion ceases within ten to twenty seconds or sooner, 
but this depressant action is always preceded by augmentation of the 
rhythm (Fig. 2,). In isotonic concentrations of this salt the stim- 
ulating action on the ganglion appears practically instantaneously 
and leads to a tonus and incomplete tetanus contraction of the heart 
muscle for a few seconds or till the ganglionic rhythm ceases entirely. 
A ganglion that exhibits a slow and feeble rhythm ceases its activity 
in an isotonic solution of potassium chloride sooner than does a 
vigorous ganglion. In fact, a ganglion that acts very slowly and 
feebly may be arrested by the ,*; 2 potassium chloride after one or 


two augmented nervous discharges. Such a slight indication of a 
primary stimulating action might easily pass unnoticed in case of 


1 For the literature see HOWELL: This journal, 1906, xv, p. 280. 
2 CARLSON: This journal, 1905, xiii, p. 217. 
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direct observation, and the inference made that in some 
potassium chloride has a primary depressant action on tl 
The influence of potassium chloride on the ganglion 


in solutions of less than isotonic concentrations. 


ing action appears in concentrations represented by twenty 


of plasma to one part |, 2 potassium chloride. In concentrat 
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the regular rhythm of the primary augmentation is quickly supplanted 
by the peculiar irregular rhythm illustrated in Fig. 3. The beats fall 
into more or less definite groups separated by pauses, the rate of 
succession of the group beats approaching incomplete tetanus in 
some cases. This rhythm suggests a possible double action of the 
salt on the ganglion cells, a stimulating action on one series of 
physiological processes and a depressor action on another. Even 
in dilution of the salt represented by plasma and {* 7 potassium 
chloride in the proportion of 9-1 the ganglion is quickly brought to 
a standstill, which is a further indication of the depressant action 
of this salt, because the augmentation preceding the standstill is not 
great enough to cause a standstill of the ganglion from exhaustion. 
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This is further indicated by the fact that the ganglionic rhythm is 
quickly restored by plasma or sea water. 

Potassium sulphate has a primary stimulating action on the gan- 
glion. The influence of the carbonate and the phosphate of potassium 
was not determined. 

c. Lhe action of the ammonium salts. —The ammonium salts studied 
were the chloride, sulphate, and hydrate. Zhe ammonium chlorid. 
has a distinct stimulating action on the heart ganglion (Fig. 5, A). 
This stimulating action is evident in dilutions represented by fifteen 
parts of sea water or plasma to one part ,*, x of the salt. The greater 
the concentration of the salt the greater the stimulation of the gan- 


glion. The stimulation is manifested both in the rate and the inten- 


sity of the nervous discharge from the ganglion. No indication of 


the peculiar double action described in connection with the influence 
of the potassium chloride on the ganglion was obtained from the 
ammonium chloride. On long continued action and in concentrations 
greater than four parts of sea water to one part ,*, 2 of ammonium 
chloride the primary stimulation is followed by irregularity and final 
depression. The action of the ammonium sulphate was not studied 
extensively, but sufficiently to show that the influence of the sulphate 
is the same as that of the chloride only less intense. The action of 
the ammonium hydrate will be considered in another connection. 

d. The action of the calcium salts. — Calcium chloride in concentra- 
tions up to °.n depresses the ganglion without any indication of a 
primary stimulation (Fig. 2,A). The depressor effects are mani- 
fested both in the rate and in the intensity of the nervous discharges. 
The diminution of the strength of the nervous discharges is on the 
whole more marked than the slowing of the rate, and with weak con- 
centrations of the salt it is possible to obtain a slight diminution in 
the height of the contractions without any appreciable slowing of 
the rate. In isotonic concentration the calcium chloride stops the 
ganglionic rhythm sometimes within a minute. This cessation of 
the ganglionic activity is accompanied by tonus relaxation of the 
heart muscle, as the normal tonus of the heart muscle is dependent 
on the physiological activity of the ganglion. On returning the gan- 
glion to plasma or sea water the rhythm returns gradually. 

Increasing the concentration of calcium chloride in the plasma to 
the amount represented by twenty-nine parts of plasma to one part <*& x 
of the salt rarely produces any appreciable inhibition of the ganglion 
but concentrations represented by the proportions 19-1, 9-1, and 4-1 
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produce distinct inhibition. The depressor 
effects of the salt on the ganglion is 
therefore directly proportional to the 
concentration. Concentrations greater 
than ,“.x cannot be worked with because 
they introduce the depressing influence 
of hypertonicity. 

The carbonate, sulphate, and phosphate 
of calcium depress the inglion. Only a 
few experiments were made using the 
carbonate and the phosphate. 

e. The action of the magnesium salts. 
Only tre chloride and the sulphate were 
used in these experiments. Zhese two salts 
depress the ganglionic rhythm with ul prim- 
ary stimulation, the depressant action of 
the sulphate being less than that of the 
chloride and the depressant action of either 
salt being on the whole less than the cor- 
responding salts of calcium. In isotonj 
concentrations the magnesium chloride w 
completely inhibit the ganglion within five 
to ten minutes after immersion, vigorous 
ganglia maintaining the rhythm for a 
longer period than feeble ganglia. The 
depression appears both in the rate and 
the intensity of the nervous discharges ; 
weaker concentrations depressing main] 
the intensity. On returning the ganglio: 
to plasma or sea water the rhythm 


grad 


ually returns (Fig. 2, 2). 

Summary of the specific influence of the 
organic salts of the blood on the ganglionic 
rhythm: 1. Isotonic solutions of either oj 
the inorganic salts of the blood bring the 
ganglion to a_ standstill without. killing 
the tissue, that is, after such a standstill 
the rhythm of the ganglion may be restored 
by plasma or sea water. Either of the in 
organic salts of the blood may therefore be 


said to act asa “ poison” to the ganelion 


when the ganglion is bathed in a pure solu- 
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tion of the salt. 2. The sodium potassium and ammonium salts in 


6 
10 


glionic rhythm prior to the standstill, the potassium salts being the 


concentrations above that of the blood up to .6 x augment the gan- 
more powerful stimulants and at the same time the more injurious to 
the ganglion. In similar concentrations the salts of calcium and mag- 
nesium depress the ganglionic rhythm without primary stimulation. 
2. The specific influences of the salts of the blood on the heart 
muscle. — The specific influence of the inorganic constituents of the 
blood on the heart muscle (and nerve endings) apart from that on 
the heart ganglion, may in the Limulus heart be studied by two dif- 
ferent methods. The ganglion may be entirely extirpated and the 
heart, thus rendered quiescent, immersed in the different solutions, 
and the variations in the excitability and contractility of the heart 
muscle tested by artificial stimulation. Or the ganglion may be re- 


moved from the anterior end of the heart only, and the heart tran- 


sected in the third segment, having the lateral nerves intact. The 
anterior end of the heart is now free from ganglion cells, but con- 
tinues to beat in synchrony with the posterior end of the heart in 
consequence of the impulses reaching it through the lateral nerves. 
Ihe ganglion is kept under normal and constant conditions, the 
solutions of the various salts applied to the ganglion free anterior 
end and the variations in the amplitude of the contractions of this 
end recorded. In these experiments I have followed the latter method 
almost exclusively because that enables us to determine the influence 
of the salts on the response of the muscle to the normal or physio- 
logical stimulus. Neither method enables us to determine whether 
the specific effects of a solution is due to a direct action on the heart 
muscle or the action on the motor nerve ending in the muscle. Pro- 
visionally, I speak of the effects as due to a direct action on the heart 
muscle. 

a. The action of the sodium salts. —Isotonic solutions of sodium 
chloride or sodium sulphate produce a series of rhythmical contractions 
in the heart muscle after it has been completely severed from the gan- 
glion.! The latent period between the immersion of the quiescent 
heart muscle in solutions of the sodium salt and the beginning of the 
rhythm is from thirty to forty minutes. In plasma or sea water the 
heart muscle remains permanently quiescent, in this respect resem- 
bling the ventricle of the frog or the tortoise after separation from 


the auricles. 


1 CARLSON: This journal, 1905, xii, p. 491. 
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the tissues.! The influence of the carbonate and | 
sodium on the heart muscle was not determined. 
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‘*, # potassium chloride in the 


the salt represented by plasma and 
proportions I-1, 4-1, Q-I act in the same way, only less rapidly and 
intensely than the pure isotonic solution. The depressant action of 
the salt is thus proportional to the concentration. In two instances 
I obtained a slight primary increase in the strength of the contrac- 
tion when the muscle was bathed in the weaker (9-1) concentra- 
rht have been due to some other factor. 


> 


No primary stimulating action on the heart muscle was ever observed 


tions of the salt, but this mi 


| 


f the Limulus 
Gangl 


lication of sea wate 


mn replaced by sea water, 


in the stronger concentrations of the salt. That the action is on 
the muscular end and not a reflex through the ganglion on the pos- 
terior end of the heart is shown by taking simultaneous tracings from 
the two ends of the heart. It is, therefore, evident that the potas- 
sium chloride (and possibly also the sulphates, carbonates, and 
phosphates) act on the heart muscle in a way opposite to that on 
the heart ganglion. 
c. Lhe action of the calcium and the magnesium salts. — The 
chlorides and sulphates of these two metals were tried. 7he action 
salts on the heart muscle ts the same as on the heart gan- 
glion. In pure isotonic solutions or in various rations of mixtures of 


the ,*. 7 solution with plasma the amplitude of the contractions is 
diminished without primary augmentation. These salts have there- 
fore no primary stimulating action on the heart muscle either in the 
direction of contractility or excitability. 

d. The action of the ammonium salts. — Ammonium chloride de- 
presses the heart muscle without primary stimulation. The action of 
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the vertebrate heart is very extensive. There is some disagreement 
between the different investigators as to the actual or observable 
facts, not to mention the disagreements in the interpretation of these 
facts. Much work has been done on the specific influence of the 
different blood salts in starting, maintaining, or inhibiting rhythmical 
contractions in strips from the ventricular apex of the frog and the 
tortoise ( Howell, Greene, Lingle, and others). But as not even the 
whole ventricle severed from the auricles of the tortoise and the frog 
is automatic under the normal conditions, that is, when bathed in 
serum or in an isotonic solution of the serum ash, contractions of 
isolated parts of the ventricle is in every case an artificial rhythm, 
and the influence of the salts on this artificial rhythm is not neces- 
sarily the same as that on the normal rhythm or on the parts of the 


heart automatic under normal conditions. The interpretation of 


much ef the work done on the influence of the salts on the normal 
rhythm is rendered difficult by the fact that all observers have not 


in every case worked with isotonic solutions. The specific influence 


of a salt is thus complicated by hypertonicity or hypotonicity. The 
blood constituents worked with are mainly the chlorides of sodium, 
potassium, and calcium. So far as I can learn from the literature, 
the specific influence of the magnesium salts of the blood appears not 
t» have been studied at all, although these are as constant and pre- 
sumably as important factors in maintaining the necessary conditions 
for the heart rhythm as the salts of sodium, potassium, and calcium. 

It is true both for the Limulus heart ganglion and the vertebrate 


heart that of all the salts of the blood acting singly and in isotonic 
concentrations sodium chloride is the least injurious; that is, when 
the beating heart is bathed in an isotonic solution in either of the 
silts, the sodium chloride maintains the activity the longest. In the 
frog, replacing the blood with an % sodium chloride solution usually 
produces an augmentation of the rate, while the beats become grad- 
ually weaker. The augmentation of the rate may provisionally be 
ascribed to a primary stimulating action of the sodium chloride. The 
specific influence of sodium chloride is therefore the same on the 
Limulus and the vertebrate heart, or a primary stimulation, followed 
by depression and final cessation of the rhythm, while the tissues still 
remain in such condition that the rhythm reappears on placing the 
hearts in serum, or Ringer’s or Locke's solution. There is still fur- 
ther similarity between the action of sodium chloride on Limulus 


heart muscle and on the tortoise and frog’s ventricie. Lingle has 
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chloride has also been interpreted as due to stimulation of the inhib- 
itory nervous mechanism in the heart rather than to a direct depressor 
action on the automatic tissue. 
On the neurogenic theory of the heart beat the slowing of the 
rhythm must be due to an inhibitory action on the automatic 
while a diminution in the amplitude of 


ranglion and the nerve 


depressor action on the 

fact that most of the investigators 

claim that potassium chloride diminishes the rate of the vertebrate 
‘art without primary stimulation, and that this diminution in rate 
usually accompanied by augmented strength of the beats, while 
greater concentration depress both the rate and the strength of the 
contractions. Granted that this is correct,—that potassium chloride 
has only a depressor influence on the vertebrate heart, — how are we 
to reconcile the apparent primary stimulating action of the same salts 
on the heart ganglion of Limulus? We have seen that the potassium 
chloride depresses the Limulus heart muscle without primary stimu- 
lation. Now, if the salt depressed the strength of the beats of the 


+ 


vertebrate heart primarily, without affecting the rate, this might have 


been brought into agreement with the results on the 
by assuming that the vertebrate heart muscle is more readily affected 
by the salt than is the heart ganglion, so that the effect on the former 
obscures the influence on the latter. The primary stimulating action 
of the salt on the Limulus heart ganglion appears in the stre 

and not in the rapidity of the nervous discharges. In fact, 
indication of a primary slowing (Fig. 3, 4) may sometimes be made 
out from the tracings. The apparent augmentation appears when 
the peculiar double or grouped rhythm sets in, that is, in the diminu 
tive beats in the diastolic phase of the abnormally slow and vigorous 
beats. Those very slow and vigorous nervous discharges apparently 


9° 
} 


represent the original fundamental rhythm of the ganglion, in which 
case the fundamental ganglionic heart rhythm of Limulus is primarily 
slowed in rate and strengthened in intensity, just as seems to be the 
case in the vertebrate heart. The typical digitalis effect of potassium 
chloride on the vertebrate heart, that is, the great increase in the 
strength of the beats accompanying the slowing of the rate, cannot 
be accounted for by the mere slowing, because no such great differ- 
ence in the contraction strength is obtained by changing the rate of 
artificial contractions of the isolated ventricle from 80 to 4o per 
minute by changing the rate of stimulation. To infer from the 
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obvious that action of the ammonium salts on the Limulus heart is 
the same as that on the vertebrate heart. The stimulating phase of 
the action is brought about by the stimulating action on the heart 
ganglion of concentrations of the salts too weak to produce their 
depressive effects on the heart muscle. The depressor phase is due 
to the depression of the automatic ganglion following the primary 
stimulation as well the direct depressor action on the heart 
muscle. 
As regards the specific influence of the calcium salts there ap] 

to be a fundamental difference between the Limulus and the verte- 
brate heart. We have seen that the chloride of calcium in strengths 
that appreciably influence the rhythm up to isotonic concentration 
depresses both the heart ganglion and the muscle and nerve part of 


i 


the heart, while in the case of the vertebrates it appears to be we 


established that an increase of the calcium content of the blood aug- 


ments the strength of : heart beats and thus acts as a stimulant. 
This seems to be true both for cold-blooded and warm-blooded verte- 
brates. In the frog or the tortoise an increase in the calcium content 
does not accelerate the rhythm; in the mammal the heart rhythm may 


+ 


be accelerated, but this may be a secondary effect or due to the in- 
creased blood pressure in consequence of the stronger beat (Langen 
dortf). According to Greene,! an increase in the calcium contents in 
the tortoise serum will produce rhythmical contraction in strips of the 
tortoise ventricle that remain quiescent in serum alone. This is 
denied by Langendorff and Hueck for the frog’s ventricular apex.” 
That strips of ventricular muscle will beat longer in a mixture of the 
chlorides of sodium and calcium than in pure sodium chloride does 
not prove that the calcium salt has any stimulating action. It simply 
means that the heart rhythm will continue the longer the nearer the 
circulating medium approaches the normal. 

Langendorff and Hueck worked on both the isolated and intact 
mammalian (cat) heart, obtaining practically the same results by 
both methods. In the experiments on the intact heart the apparent 
stimulating action on the heart might have been due to depression 
of the vagus centre in the medulla by the calcium chloride, as the 
vagi are usually tonically active in the cat, and Langendorff and Hueck 


do not appear to have sectioned the vagi prior to the experiment. 
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But this objection does not hold for the experiments on t 
heart. 

Loeb and Lingle explain the favorable effect on the 
of the addition of a small amount of calcium salts to an 
tion of sodium chloride used as irrigating medium by 
the calcium counteracts the injurious effects of the sod 
can be no doubt that either of the blood salts is inj 
heart tissues in pure solution, but as we do n 
mechanism by which these injurious effects are | 
follow that the salts have the same effects on the 
in their normal percentage composition in t 
normal heart rhythm is the resultant of such toxi 
stimulating and depressant actions of the different sal 

The experiments on the isolated heart and the further f 
heart muscle passes into “ contracture” or tonus when 
content is raised above a certain limit or when the weaker « 
tions are allowed to act on the heart for some time seem t 
the explanation that the apparent stimulation is due toa 
action of the calcium salt on some local inhibitory nervous t 

It is well known that an increase of calcium in the blood 
the central nervous system, apparently without primary sti! 
and thus acts asanarcotic. The chloride of calcium 
the excitability of the motor nerves in the frog? and 
tinal peristalsis in mammals.* It would thus seem t! 
is the only organ or tissue in the vertebrates in which ar 
of the calcium content of the blood above the normal 
stimulant. 

Summary.—1. The specific influence of the salts of s 
monium, potassium (and magnesium) on the heart a 
or the same in Limulus and in the vertebrates In Lin 
primary action of these salts particularly in weak concentrat 
heart ganglion. In case of salts having a primary stimulating a 
on the ganglion and a depressant action on the heart muscle the 
effect on the ganglion is first in evidence. 2. The specific action of 
the calcium salts on the vertebrate heart appears ve the very 


opposite to that on the Limulus heart. 


4. On theories of the mechanism of chemical stimulation and depres 


sion. — a. Recent workers on the influence of dissocial 
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on living tissues interpret their results in main on the hypothesis 
of Arrhenius. Chemical stimulation or depression is spoken of as 
actions of ions. Many of the workers on the relation of the blood 
salts to heart activity do not refer the specific action of the salts to 
either ion, while others are inclined to attribute the specific effects 
to the action of the cathions rather than to the anions. Thus Howell 
and his students speak of the stimulating action of the calcium ion 


and the depressing action of the potassium ion on the heart tissues.! 


Loeb and Lingle speak of the cathion in sodium chloride as the 
stimulating ion. The displacement of certain ions by certain other 
ions in the hypothetical ion-proteids within the cells has been sug- 
gested by some as a possible mechanism of chemical stimulation and 
depression.” 

Strong concludes, on theoretical grounds, that chemical and elec- 
trical stimulation of nerve is due to the stimulating action of the 
anions in the axis cylinder.’ Mathews has carried this idea still 
further by assuming that all anions stimulate and all cathions depress 
protoplasmic activity (nerve). This view that cathions depress and 
anions stimulate living matter is extended by Benedict to the inter- 
pretation of the influence of the blood salts on the heart rhythm.® 

Mathews bases his theory on his extensive studies of the action 
of chemicals on the motor nerves of the frog. The salient features 
of the theory are that cathions depress and anions stimulate and that 
this action is a function of the electrical charges on the ions. The 
intensity of action of an ion is inversely proportional to its ionic 
stability or “solution tension”; the lower the solution tension the 
more powerful the action of the ion on the tissues. The action of 
any electrolyte on living tissues can therefore be expressed by the 
ratio between the degree of depressor action of the cathion and stimu- 
lating action of the anion. The solution tension of many ions being 
known it is possible to calculate the relative stimulating or depress- 
ing power of many electrolytes. Mathews has made a number of 
such calculations (Tables XIII, XIV, XV), the theoretical figures 
showing in many cases a close relationship to his experimental data. 


It is difficult to harmonize this theory with the apparent “ selective ” 


1 HOWELL: This journal, 1902, vi, p. 181. 
* Loes: The dynamics of living matter, 1906, pp. 71-98. 
8 STRONG: Journal of physiology, 1900, xxv, p. 427. 
* MATHEWS: This journal, 1904. xi, p. 45 
BENEDICT: This journal, 1904, xii, p. 
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action of many chemicals on certain tissues, 


different action of the same chemical on different 


animal. Acids stimulate the gustatory nerve en 
In many mucous surfaces, and the nerve endings 


frog, while they appear to depress nerve trunks and 


system without primary stimulation. Ammonia 


endings of the nasal mucus membranes, while it ap 


motor nerves without stimulation Further examples 
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plasma or sea water. The following acids were tried: hydrochloric 
nitric, sulphuric, oxalic, acidic, tartaric, citric, malic, and formic. All 
these acids acted alike (Fig. 6), differing only in degree of intensity 


Hydrochloric acid, for example, stimulates the ganglion more in- 


till 


Fy 


D | 


Hilf 


IRE 6.— Tracings from the anterior end of the Limult 
posteriorly and subjected to the chemicals. Recording end 
plasma. .Y = ganglion immersed in the acid solutio: XxX 

by plasma or sea water. A, hydrochloric, ] part (,5; 7) to 500 p 
hydrochloric, part o 200 parts sea water. C, hydroc! 
100 


parts sea water , citric, art 6, #) to 500 parts sea water --, formic, same 


concentration as it , tar ic, same concentration as in J). 


tensely than sulphuric acid. Citric acid is a stronger stimulant to 
the ganglion than sodium citrate, a fact that is difficult to harmonize 
with the theory, as the hydrogen ion ought to depress much more 
intensely than the sodium ion. Solutions of these acids in plasma 
or sea water of sufficient concentration to barely affect the ganglion 
have little or no effect on the heart muscle. Strong solutions always 
depress the strength of the contractions without primary stimulation 
(Fig. 7). The acids have, therefore, a qualitatively different action 
on the heart muscle from that on the heart ganglion. The opposite 
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Chemical Conditions for the Heart 


action of acids on the central nervous system and 
endings in vertebrates has already bee 
that in dilute solutions acids augment 

ciliated epithelium prior to depressing 


c. The action of the atkaltes. The hydrates of sodium and 


sium stimulate the heart ganglion as well as the heart mu 


Limulus in concentrations represented by one hundred parts of 


or sea water to one part of an isotonic solution of the alkali (Fi 


The stimulating action on the ganglion appears both in 


the strength of the nervous discharges. The ammonium 


1 poster 


gl on isolate 


acts very different from the other two alkalies. In the first place, 


its action is very much more intense. The hydrates of sodium and 
potassium hardly affect the ganglion or the muscle in dilution 
represented by one part (,°, 7) of the alkali to five hundred parts 
of plasma or sea water, while the ammonium hydrate acts strongly 
the 


on the ganglion in dilutions represented by one part (,*, 7) of 


alkali to four thousand parts of plasma or sea water. When the 


ammonium hydrate at this dilution is applied to the ganglion the in 


1 CUSHNEY: ‘Teext-book of pharmacology, 1905, p. 558 
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tensity of the nervous discharges is rapidly diminished without 
primary augmentation, while there is at the same time a slight in- 
dication of an acceleration of the rate (Fig. 9, 4). The. acceleration 
of the rate is too slight to account for the great depression in the 
intensity of the nervous discharges. The ammonium hydrate, then, 
appears to have a double and opposite action on the ganglion, viz., 
a depressor action on the processes involved in the intensity of the 
nervous impulses, and a slight stimulating action on the processes 
involved in the rate of the nervous discharges from the ganglion. In 


real | 


original size. ‘Tracings from the 


ilus heart. A, ganglion isolated posteriorly, recording end bathed in 


immersed in mixture of 4000 parts sea water to] part NH,OH ( 


A this solution replaced by sea water, showing primary depression of inte 


of nervous discharges with a slight augmentation of the rate. &, gangli 


from anterior end. .Y = anterior or recording end bathed in mixture 
sea water to | part NH,OH ). = this solution replace 


ing primary depression of the heart muscle 


the above dilution (1-4000) the ammonium hydrate does not appear 
to appreciably affect the heart muscle. In concentrations repre- 
sented by one part (,®; 2) of the hydrate to two thousand or fifteen 
hundred parts of the plasma or sea water, the heart muscle is de- 
pressed without primary stimulation (Fig. 9, 2). The action of the 
ammonium hydrate on the muscle is therefore opposite to that of the 
hydrates of sodium and potassium. 

The stimulating action of the hydrates of sodium and potassium 
is in accord with Mathews’'s theory, the stimulating power of the 
hydroxyl ion being great enough to overcome the depressant action 
of any cathion with which it may be associated, but the theory fails 
to account for the very opposite action of the ammonium hydrate. 

d. The depressor action of the calcium and the magnesium salts 
on the heart muscle and the heart ganglion and the stimulating 
action of the sodium salts on the same tissues have already been 
described. We have also seen that the chloride of potassium de- 
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presses the heart muscle, while on the 
mary stimulating action. These actions 
calcium and magnesium salts conform to 
theory, with the exception of the primary stimu 
potassium chloride on the heart ganglion. Aci 
the potassium chloride is a stronger depressant 


calcium (Table XIV). 


In addition to the above sa 


Its, the specific 


glion and on the muscle of the chlorides 


isma, Showing pri 

barium, strontium, and the cyanides of potassium 
also determined. The action of the cyanides on the | 
Limulus is very peculiar. The results from the 
reported in detail later. The specific action of 1! 
briefly summarized as follows: 

rhe chloride of rubidium has a very intense stimulating action on 
the ganglion, while it depresses the heart muscle without primary 
stimulation. The stimulating action on the ganglion is evident in 
dilution of one part (,°, 2) of the chloride to forty parts of plasma 
In solution of one part of the chloride to ten parts of plasma the 
ganglion is thrown into incomplete tetanus, and this is quickly fol 
lowed by cessation of the rhythm (Fig. 10, 7). 

Strontium chloride depresses both the ganglion and 
without primary stimulation, but less strongly than does 
chloride. 

Czsium chloride is a weak depressant both on the ganglion and on 
the muscle (Fig. 2, C). It may be applied to the ganglion in isotonic 
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concentration without any definite injury. In no case did this salt 
produce a primary stimulation. 

The chloride of barium is a very intense stimulant both for the 
ganglion and for the muscle. In isotonic concentrations this chlo- 
ride sends the heart muscle into incomplete tetanus and tonus almost 
at once, while the ganglionic rhythm is stopped within a few seconds 


after a primary stimulation. The action of this chloride was mainly 


studied in dilutions with sodium chloride, because of the abundance 
of sulphates in the plasma and the sea water. Even at the dilution 


of one part (,°. ~) of the barium salt to ten parts of isotonic sodium 


chloride the ganglion is stimulated to a condition of incomplete 
tetanus, and quickly stopped unless the solution is immediately re- 
placed by plasma or sea water (Fig. 10, 4). 

The chloride of lithium is a weak stimulant to the ganglion. Its 
action did not appear to differ materially from that of sodium chlo- 
ride. The influence of the lithium chloride on the heart muscle was 
not determined. 

When we compare these data with the demand of Mathews’s theory 
of chemical stimulation and depression we meet the following dis- 
crepancies: We have, in the first place, the opposite action of the 
chloride of rubidium on the ganglion and on the muscle. The theory 
requires the czsium chloride to be a stimulating salt and the chloride 
of lithium should be a depressant salt, while the very opposite is the 
fact for the Limulus heart tissues. According to the theory, the 
cathions Ba, Rb, and Na have almost the same depressing power, 
and in consequence their chlorides also practically the same stimu- 
lating power (Tables XIII, XIV). In my experiments, the chlorides 
of barium and rubidium are many times as powerful stimulants on 
the ganglion as the sodium chloride. 

The difficulties in squaring the facts with the theory, in its present 
form, may be summarized as follows: 1. Some chemicals have an 
opposite action on the ganglion from that on the muscle (the acids, 
the chlorides of potassium, rubidium, ammonium, the hydrate of 
ammonia). 2. Some chemicals act as stimulants that, according to 
the theory, should depress (acids [ganglion], the chlorides of lithium 
and potassium [ganglion]). 3. Some chemicals act as depressors 
that ought to stimulate (chlorides of casium and rubidium [ muscle], 
ammonium hydrate [muscle]). 4. The relative stimulating and de- 
pressing power of many of the chemicals is greatly at variance with 
the theoretical demands. 
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OF THE BODY 


I.L. wild animals, save those in captivity, select their own f 
while the food of domestic and captive animals is provid 
them. With the exception of the inmates of public and penal inst 
tutions, mankind in general chooses its own food. Since the sele 
tion of this food is determined by a number of factors, we find that 
people have formed certain so-called dietetic habits. Variations in 
geographical location, climate, and proximity to the sea result in 

wide variations in the nature of the available food materials. A 

faring race would naturally be expected to subsist in large measure 
upon fish, while those removed some distance from the coast would 
rely more upon agricultural products, and domestic and wild animals 
Climate determines the length of the growing season, and in many 
instances the nature of the materials grown; consequently, inhabit 


ants of tropical climates obtain fresh agricultural products for the 


whole year, while those of the temperate or more northern climates, 
affected by the short growing season, would rely more upon their 
previously stored food materials, or upon game that could be 


obtained during the more rigid climate of the winter. Facilities 
in storage and transportation, however, afford opportunity for the 
inhabitants of one region to obtain the tood products of another 
region. 

Aside from these grosser factors, affecting the dietetic habits, we 
have those depending upon the individual, of which age, sex, weight, 
muscular activity, and financial condition are the most important. 
The young, growing individual requires relatively more food than the 
adult, who no longer has to build, but only to repair, tissue. In 
general, women consume less food than men. Body weight is a 
not inconsiderable factor in determining the food consumption, but 
muscular activity modifies, probably more than any other one factor, 
the quantity of food utilized by man. 


By FRANCIS GANO BENEDICT! 
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No one recognizes more than those who are experimenting with 
foods and dietetic conditions the great irregularity in the estimates of 
different individuals regarding the quantity of food they consume. 
I:ven those more than ordinarily skilled in a knowledge of the com- 
position of food materials are found to be very unreliable in estimates 
of their own food consumption. People are designated as “ light 
or “hearty’”’ eaters, but the conception is more likely to be based 
upon the bulk or volume of the food materials, and especially on the 
amount eaten at a particular meal, than upon the actual amount of 
protein, fats, and carbohydrates consumed per day. 

It becomes necessary, therefore, to reject as distin tly unreliable 
mere personal impressions regarding food consumption, and conse- 
quently we must make an actual study of the food consumed before 
we can have any accurate knowledge on this point. Such a study 
may be made in a number of ways. 

lor example, it is possible to form an estimate regarding the food 
supply per capita from the budget of a country; but the various 
methods of preparing food for consumption, and too frequently its 
careless use at the table, involve such varying amounts of waste 
that it is a very difficult matter to deduce from statistics of food pur- 
chased the amounts of food actually consumed per capita. Hence 
we must consider studies based upon budgets as of only partial 
significance. 


The most accurate method of determining the food consumption of 


groups or of individuals is to make a careful record not only of the 


food purchased, but also of the waste. If to these data we add the 


> 


number of persons eating, and the number of meals taken, it is pos- 
sible to compute, with considerable accuracy, the amount of food 
actually consumed per man per day. By use of compilations of an- 
alyses of food materials,! it is possible to compute with reasonable 
accuracy the amount of protein, fat, and carbohydrates as well as 
energy consumed by the individual. This constitutes what is known 


as a dietary study. 


Dietary studies may be divided into two classes: First, those in 


which the selection of food is free, as is the case in general; and 
second, those in which the selection of food is restricted, as in public 
and penal institutions, in which the kind and quantity of food are pre- 

1 KOENIG: Chemie der menschlichen Nahrungs-und Genussmittel: ATWATER 
and Bryant: U. S. partm Agriculture, » of Experiment Stations, 
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A certain portion of the ingested food passes through the alimentary 


tract unabsorbed and is excreted in the fzces. 


A large portion of 
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TABLE I 
Proteir 
Subjects. Fuel 
Potal Digesti 
grams 
Lumbermen, U. S.. ; = 170 6400 
Chinese farm laborers, U.S. . 144 132 3982 
15] 139 34.75 
Germany 150 13S $169 
Lumbermen Ein y 130 120 6015 
Farm laborers, Austria 159 146 5096 
Athletes, U. S. (College) 175 16] +74] 
Professional bicyclists, U. S 202 185 $960 
Painter, U.S 138 127 $486 
Printer, U.S 117 1Os 3554 
U.S. 131 12] 3189 
S 5s 112 103 3236 
|aundrymen, U.S 135 124 3480 
Laborers . . 130 119 3346 
100 3432 
102 4 3470 
eratives, Kussia 119 109 3190 
German 134 123 306] 
le 134 123 5331 
U.S. (Va) LOS 3657 
-(Ala 54 2926 
HK) 2947 
104 3143 
110 101 3496 
‘ 78 2696 
135 124 2786 
11] 102 2511 
‘ 123 113 2343 \ 
O4 S6 2712 
127 117 2723 
75 69 2087 
93 SO 2705 
SO 74 2480 
64 59 2110 
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the digestible protein in the food consumption by different classes as 
given in the preceding table. In the case of fats, at least 95 per cent 
of the animal fat is digested, whereas vegetable oils and fats appear 
to be somewhat less thoroughly absorbed; but since by far the larger 


vart of the fat in our diet is obtained from animal food, the digesti- 
I g 


bility of the total fat in the diet is about 95 percent. In the case of 


carbohydrates, such as sugar and starch, at least 98 per cent appears 
to be digested. 

The maximum amount of energy that may be obtained by the body 
is not the total potential energy of the food consumed, since the po- 
tential energy of the corresponding faces must be deducted. Fur 
thermore, the body is not capable of completely oxidizing the absorbed 
protein, the incompletely oxidized products being excreted in the 
urine, and the energy eliminated in this way must also be deducted. 
The net or actual energy value to the body is the total potential 
energy of the food minus that of the corresponding fceces and urine. 
rhis is expressed in the tables as “ fuel value.” 

Regarding the fact that food will be equally well digested and 
absorbed whether the amount eaten is large or small, it is essential to 
bear in mind that when food is absorbed in excess of the immediate 
needs of the body it will be stored, chiefly as body fat. The most 
familiar example of this is seen in the fattening of domestic animals. 
There is conclusive experimental evidence that what holds true in 
that case is likewise true for the human body. Since, then, by far 
the larger part of the ingested food is absorbed, and is either used 
immediately or stored in the body, the question arises, ‘‘ What are 
the requirements of any given individual for food’? It remains, then, 
to consider to what extent the normal average food consumption of 
people of different classes corresponds to their actual physiological 
requirements. 

Obviously food should be ingested in just the proper amount to 
repair the waste of the body; to furnish it with the energy it needs 
for work and warmth; to maintain it in vigor; and, in the case of 
immature animals, to provide the proper excess for normal growth, 
in order to be of the most advantage to the body. In just what 
proportions and amounts the various nutrients should be ingested, ex- 
perimental physiology and studies of nutrition attempt to determine. 

The food requirements may be said to consist of two probably dis- 
tinct factors: first, the requirement for protein; and second, the 
requirements for carbohydrate and fat, or more specifically, the re- 
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amount thus excreted is always considerably more than the small 
amount probably representing normal tissue disintegration. It is of 
course possible that during fasting the organized tissue may be more 
rapidly drawn upon than during normal food ingestion, though the 
creatinin output is no larger. On the other hand, it seems highly 
probable that there is some demand for nitrogenous material in the 
organism other than that required to repair tissue waste. This 
assumption is far from precluding that there may be a minimum 
amount of nitrogenous material with which the needs of the body 
can be fully supplied. 

It has already been pointed out that the average amount of pro- 
tein consumed by men at sedentary occupation is not far from 100 
gm. per day, and that this amount increases as the muscular work 
increases, being noticeably larger for hard work. It was formerly 
held by some physiologists that the energy for muscular work is de- 
rived wholly from the disintegration of nitrogenous material; but it 
is to-day commonly accepted that increased muscular work does not 
materially increase the disintegration of muscular tissue. It would 
therefore appear that the increase in the amounts of protein eaten 
by men at severe muscular work is not needed for the specific pur- 
pose of repairing excessive waste of protein tissue. Why, then, do 
we find this increased consumption of protein with increased muscu- 
lar exercise, and why do people in general consume more protein than 
is probably required to repair waste tissue? 

It is a very significant fact that these conditions are quite universal, 
as shown by statistics obtained in civilized countries in all parts of the 
world. Dietary studies made in England, France, Italy, and Russia, 
show that a moderately liberal quantity of protein is demanded by com- 
munities occupying leading positions in the world. This, contrary 
to popular impression, is true also of the Japanese, for the better 
class select diets with relatively liberal supplies of protein in propor- 
tion to the body weight. Dietary studies with Chinese on the Pacific 


coast show the same fact. It certainly seems more than a remark- 


able coincidence that peoples varying so widely as these in regard to 


nationality, climatic and geographical conditions and dietetic habits, 
should show such agreement in respect to consumption of protein 
and energy. Nevertheless, it has been frequently questioned whether 
the diet of mankind in general could not be very materially improved, 
with regard to the quantity of protein consumed. 

Evidence on this most important point may be obtained in two 
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ways. Firs , the regular diet of animals, individuals, or co 

may be experimentally so adjusted as to include a smaller at nt 
protein. The experiments may last from two days to severa 

and are usually accompanied by observations as to the health, stre 
and both mental and general conditions of the subjects | 


important source of evidence regarding the minimum protein cot 


of the diet is that of dietary and sociological studies of pers 
lies, or communities who have lived for many years on a diet low 
protein. This evidence is based on habits of life continued mat 
instances over years, if not, indeed, generatior 

With regard to the first kind of evidence, it is of interes 
consider first, experiments made on men, and later, those made ¢ 


animals 


Experiments with men It has clearly been established by mat 
observers, notably Hirschfeld,! Klemperer,? and Siven,’ that n 
enous equilibrium may be established with quantities of prote 
in the diet much less than those commonly consumed. In nearly a 
these cases the subjects have lived for varying periods of time 


quently weeks and months, as comfortably on the restricted di 
on the normal diet. Indeed, some have claimed very superior adv 


tages in the way of improvements in health as a result of the 


protein diet. 


Of all the experiments heretofore made in which the low prot 
diet was used, none can compare with the exhaustive series of exper 
ments recently completed by Professor Chittenden of New Hay 
In the Popular Science Monthly, of June, 1903, Chittenden tell 
that his interest in the subject of minimum protein requirement 
first aroused by the dietetic habits of Mr. Horace Fletcher evel 


months before the investigation was undertaken, during a preliminary 


experiment in Chittenden’s laboratory, Mr. Fletcher had subsisted o1 


a diet which provided for an average daily protein metabolism am 
ing to but 41.25 gm., and his body weight, 165 pounds, remai 
practically constant. 

A second experiment with Mr. Fletcher included a study not « 


of the intake and output of nitrogenous material, but likewise a cor 
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parison of other food and excreta. Results similar to. those of the 
first experiment were obtained. Mr. Fletcher furthermore main- 
tained that he had lived upon a diet similar to this for the five years 
preceding. So far as the protein metabolism during the two experi- 
mental periods is concerned, the results obtained differ in no wise 
from those of other experimenters. 

The elaborate series of experiments by Professor Chittenden pre- 
viously referred to were made with three groups of individuals, 
namely, professional men, soldiers, and athletes. 

Of all the studies made on professional men, that made by Chit- 
tenden on himself is by far the most remarkable. For over two years 
he has subsisted on a diet that is markedly lower in its protein con- 
tent than was his former diet. He maintains that in respect to a 
rheumatic trouble and general physical and mental condition he is 
much better than on his former diet. Nowhere in the literature of 
nutrition do we find an experiment so painstaking and accurate, 
covering so long a period, and with a diet of so low a protein content 
following a normal diet. It has justly been cited as ‘a monument of 
fidelity.” Of the other men, none reached so low an absolute nitro- 
gen level as did Chittenden, but the weight of this subject is small, 
57 kilos (with clothes), and consequently the absolute amount of 
nitrogen required by a person of his body weight would be less than 
that required by a larger subject; yet on the basis of per kilogram of 
body weight one of the men showed a slightly smaller metabolism 
of protein than did Professor Chittenden. 

Professor Chittenden assures me that he still metabolizes no more 
protein than he did during the period of the experiment, and so far as 
the other men are concerned, I am further assured that while they 
all are excreting somewhat more nitrogen per day than during the 
experiment, their dietetic habits are still such as to include but a 
small amount of protein per day. 

Although in certain respects these experiments are far superior to 
others, the results obtained are strikingly similar to those of previous 
observations. A number of other people have lived and maintained 
body weight and health on diets containing small quantities of pro- 
tein. It has not yet been incontrovertibly proven, however, that such 
a diet could be most advantageously adopted for all time, nor that 
the apparent improvements were due entirely to the low protein. 
In Chittenden’s experiment, for example, we must at least consider 


for a moment whether the marked improvement in general condition 


may not have been due in part at least 

more, it is a well known fact that a routine « 
persistently continued, does result 

at all difficult to conceive of 

more abstemious life as a result 

the collection of urine and feces, a 


constant supervision of the diet, with the occasional 
sampling of food. Such routine might account for 
beneficial results of the experiment. 

The studies with : thirteen soldiers from a hospital 


] it} 


results very similar to those obtained with the professional 


soldiers were able to live on let with a 

content, and showed marked improvement in general cor 

The question again arises, and t ‘ase even more empha 

to what extent the improvement in 

is attributable to other causes than 

hospital corps had not been subject 

the trooper. When they arrive 

be considered in first-class physical condition. They 

subjected to the most rigid routine regarding hours of rising, 

exercise, etc., and specified quantities of food were furnished 

What group of men could be put for six mont! 

supervision of Dr. W. G. Anderson, the dire 

nasium, and not be very materially improved 

of high or low protein in the diet? This 

hours each day in the gymnasium, and this exercise was followed 

regulation drills. Indiscretions in diet so far as concerns perior 

over-eating, irregularity and undue haste at meals, eating 


indigestible foods, sweetmeats, etc., were absolute 
the rigid routine. The collection of faeces and ine would 
lead to a more regular attendance to these 
regularity of life is taken into consideration, it 
that the men all showed a marked body improvemer 
to the nearly uniform improvement resulting from 
regimen. 

Some of the reported experimental data regardi 
food by these subjects are worthy of more than passing noti 
one period of six, another of seven, and another of five days, 
of the soldiers was accurately analyzed, and the nitrogen 


determined. During these periods the kinds and amoun 
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eaten were practically identical for all the soldiers. Thus we may 
consider that a definite quantity of food was caused to pass through 
eleven different alimentary tracts. We should normally expect to 
find that, while slight differences in digestive power would be exhib- 
ited by the different alimentary tracts, in the case of eleven normal 
healthy men the quantities digested would be very much alike; or in 
other words, that the total quantity of nitrogen excreted through the 
faeces would be nearly the same in all cases. 

In a large number of digestion experiments on normal healthy sub- 
jects, this has been found to be quite generally the case. Indeed, in 
the chemical laboratory of Wesleyan University, an extensive investi- 
gation into the nutritive value of cheese has shown repeatedly that 
with twenty-five or thirty men, the same food passed into the diges- 
tive tract is absorbed to about the same extent in all cases. Asa 
result of forty-eight experiments in which the same food was adminis- 
tered to thirty different individuals, of the 40 gm. of nitrogen ingested 
during a three-day experiment, 4.7 gm. were recovered in the faces. 
In a very large majority of the experiments the variation was but 
two or three decigrams either side of the normal. 

If, on the contrary, we examine the data from Professor Chitten- 
den’s soldiers we find some striking abnormalities. During the six- 
day period from January 12 to 17, for example, when a total of 49.4 
gm. of nitrogen were ingested by each subject, there were found in the 
feces from the different subjects quantities of nitrogen varying from 
4-45 to 12.10 gm., with wide variations from the average (8.46 gm.) 
in a majority of the cases. 

Similarly during the period of seven days from February 29 to 


March 6 inclusive, when the total ingested nitrogen was 66.7 gm. per 
subject, the amount found in the faces varied from 7.017 to 16.155 
-gm., and here again there were wide variations from the average 
(11.66 gm.) with a number of men. The third period, namely, the 
five days from March 28 to April 1, shows less irregularities, although 
with the diminished amount of ingested nitrogen, 43.1 gm. per sub- 


ject, the nitrogen in the feces still varied from 7.797 to 11.469, while 


the average was 9.75 gm. 

One great difficulty in determining the outgo of nitrogen in the 
faeces is to obtain an accurate separation of the faces to correspond 
with the food of a given period, but obviously, the longer the experi- 
mental period, the smaller the influence of the possible error in sepa- 
ration. These experiments, however, were from five to seven days’ 


O 
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duration, whereas the cheese experiments mentioned above were of 


but three days’ duration, hence the error due to separation of faces 


is tactor 


should not be any greater in the longer experiments. T! 
must therefore be eliminated in a comparison of the results from these 
experiments. 

It is clear, then, that with the subjects of the experiments reported 
by Professor Chittenden, the variations in digestibility of the same 
diet are very much more marked than is the case with the normal 
individual, and it is to be seriously considered whether the abnormally 
low protein has not resulted in some disturbance of the alimentary 
tract, which affects its power of absorbing either the protein of food o1 
the nitrogenous materials from which the so-called metabolic products 


are derived, —a disturbance which is analogous to that which has 


been observed in experiments on animals, as is shown later. Unfor 
tunately, the data with the professional men and with the athletes de 
not afford such comparison, since the different subjects « 
take of exactly the same quantities of foods. 

The studies with eight athletes, representing different kinds o 
petitive sports, were in the main very much the same as those 
the other two groups. <A large number of dietary studies made 
athletes have shown that this class consume rather larger amounts of 
protein than is found in the diet of men at ordinary muscular labor. 
The athletes studied by Professor Chittenden were able to reduce, by 
a very material proportion, the quantity of protein in their diet; at 


the same time they gained in strength (some of them enormously, 


D iS 


indicated by tests with the dynamometer) and won in intercollegiat 


all men 


games and other athletic contests. It is reported that all the 
felt better and were convinced that the lower protein supply was ben- 
eficial. In considering the gain in strength of the athletes, we mt 


1S 


wholly eliminate, in all probability, the influence of unaccustomed 
athletic training and routine which doubtless played so important a 
role in the case of the soldiers, and, in some measure, in the case of 
the professional men. These men were all reported to be in * train 
ing form” at the time they began using the changed diet 

From these experiments, then, much more than from either of the 
others, it would seem possible to infer that the improvement in phys- 
ical condition was due to the change of diet. Yet even these do not 
indicate the result should the diet be continued indefinitely. The 
great interest taken in intercollegiate athletics, amounting as it fre 


quently does to an almost passionate desire to win at any cost, would 
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lead us to suppose that dietetic alterations, producing sach a marked 
increase in strength and ability as these men showed, would be hastily 
utilized in the efforts for general increase in athletic success. I am 
informed, however, that all of the men who underwent these tests 
have returned practically to their former diet, though it is asserted 
that in certain cases the experiments have slightly influenced the 
dietetic habits of the athletes. To be sure, marked changes in 
dietetic habits would not at first meet with the unanimous approval 
of all coaches, trainers, and players; yet, if they were convinced that 
decided improvement would follow from such changes, they would be 
unreasonable not to adopt them. The men in these experiments, on 
the other hand, were largely free from the constraint-of coaches and 
trainers. If they were permitted during the height of the athletic 
season to follow the régime of the experiments, and if they derived so 
much benefit from the small diet, it is difficult to understand why 
these men should not have adhered more rigidly to this method of 
dieting when preparing for subsequent intercollegiate events, save 
that there was, in all probability, an irresistible craving for more pro- 
tein food, —a craving that was unconsciously followed with the relax- 
ation of the régime of the special diet training table. A more intimate 
knowledge of the supposed benefits arising from a low protein intake 
could not fail to influence the dietetic habits for some time, and it is 
more than probable that these men are at present consuming some- 
what smaller quantities of protein than formerly. 

The experiments with athletes are of unusual interest in connection 
with certain objections that have been raised to the presence of a 
liberal supply of protein in the diet. While the carbohydrates and 
fats are completely oxidized to carbon dioxide and water, and thus 
leave the body in these forms, the protein molecule is only partially 
oxidized, and as a result of its ingestion there is left distributed 
throughout all the tissues the products resulting from the partial 
oxidation, of which uric acid is a type. It is urged accordingly that 


some of the products have been shown to be poisonous, and others 


probably exercise a toxic influence. Again, the excretion of these 


bodies (chiefly urea) takes place in the kidneys, and it is asserted 
that when the quantities to be excreted are large, as is the case with 
a diet containing a large amount of protein, the kidney is strained to 
excrete the material. 

As indicated by the quantities of uric acid excreted by the different 


subjects of these experiments before, and indeed after, the diminished 
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diet was taken, the athletes excreted by far the 
day. This observation is in accord with pr 
on athletes, who, as a rule, are accustomed 
uric acid-forming foods, such as meats. 
While it may be true that for people of m 
occupations and with the metabolic activitie 
the ingestion of excessive quantiti 
wise, it is difficult to believe 
activity, and grace of movement by 
induced by the presence of the lar 
system. 
Knowledge regarding 
variation in its excretion 
uric acid-forming ingredie 
formulation of conclusive t 
effects of uric acid on the 
which is ordinarily maintained by 
Since the excretion of material 
athletes, we may here question as to whether 


} 


strained in performing its normal functions of 
lungs are capable normally of providing 
atory gases when the body is at rest or when 
labor for eight to ten or more hours 
should not normally provide for 
urea or even uric acid without 

clearly shown. 


It is certainly not the consensus of opinion of medical men 


excretion of urea does involve a strain upon the kidney 
more, it is highly probable that the total quantity of uri 
when the urine is of normal cific 

the kidneys themselves. The recent experiments 
Hofmann! in administering large amounts of wate 

show that the kidneys secrete large volumes of 

way impairing their function. 


It would be more reasonable Ippos 


small volume of a more concentrated urine of his 
1 1° 3 
would produce a greater strain on the kidneys; conseq! 


and drink should be so adjusted in amount as to ¢ 
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normal concentration to be secreted rather than to dimrhish the vol- 
ume and simultaneously increase the concentration. 

A much more plausible contention for a reduced protein diet may 
ultimately be shown by careful studies of the action of the intestinal 
flora on different diets. However, until our knowledge of the effect 
on the body of the different kinds of protein is more complete, spec- 
ulation regarding the optimum quantity in the diet must at best be 
somewhat hazardous. 

Experiments in which men have been furnished diets low in pro- 
tein, and especially Professor Chittenden’s experiments, are of the great- 
est importance in studying the metabolism of protein in the body, 
scientific research of the highest type, and for the most part defying 
criticism. The proposed immediate practical application of the re- 
sults of such experiments to the diet of people in general, however, 
legitimately demands a more complete discussion of the subject and a 
consideration of evidence that has as yet been but insufficiently pre- 
sented by the advocates of the dietetic reforms. In judging of the 
convincing value of the New Haven experiments, we must not over- 
look the point brought out by Dr. Levene! that “every one under 
observation was continuing the work which he had been in the habit 
of doing and which he was trained to do, and further it has to be 
noted that no individual worked to a condition of actual fatigue, that 
wear of tissues in fatigue is out of proportion to the amount of work 
performed.” 

Experiments with animals. —- Numerous studies have been made on 
the effects of a diminished proportion of protein in the diet of animals, 
and the results of these are decidedly significant in a consideration of 
the problem of the nutrition of man. 

For the present discussion, animals may be divided, according to 
the nature of their food, into three groups: carnivorous, or high pro- 
tein consumers; omnivorous, or moderate protein consumers; and 
herbivorous, or low protein consumers. The digestive tracts of these 
various groups of animals are designed to render absorbable these 
various proportions of protein. In the carnivorous dog a large 
quantity of hydrochloric acid is found in the stomach to combine 
with the large amount of protein consumed, while with the herbivora, 


and especially ruminants, a long sojourn of the food in the alimentary 


tract gives opportunity for the more complete digestion of the some- 
what slowly digestible materials of the food. 


LEVENE: Journal American Chemical Society, 1905, - 1455 
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high in protein. Evidently swine are unusually sensitive to marked 


alterations in the diet. 
The observations of Shutt in Canada have been abundantly co 


firmed by those of Skinner! in Indiana who fed hogs on a k 


protein die ‘ corn meal. He states that this diet impaired 


digestive capacity, which became more apparent the lon 


continued. This diet resulted in 


poor appetites, 

ficient development in valuable portions of the carcass and a gener 
state of unthrift, as shown by the hair, skin, and hungry look of 
animals.” The additi f I ne-sixth the amount of the rat 
in material rich in prote sulted in normal growth and a healthy 


condi 
It is natur o expect tl a li ing of the protein in the 


herbivorous animals, 2.¢., tl accustomed to relatively low 


diet, would be accompanied by less marked 
turbances might not appear 
most remark le series ot 

his important ; a been in progress at the 
of the Universit inn under the direc- 


tion of animal 


economy 
investig 
The experimen ( made large scale. Two groups of 
cows with of three years, one 


of them with a diet containing the normal proportion of protein, and 


the other with a much lower protein ration. At the end of the sec- 
ond year » ordinary observer could not detect any differences 
between the two groups of animals, so far as physical tone was con- 
cerned, though t cows on the low protein ration had lost somewhat 
in weight. During the first part of the third winter both groups did 
well, but by January 1 the cows receiving the low protein diet began 
to fail. By the 13th of March it was absolutely necessary to increase 
the proportion of protein because the cows were very thin in flesh 


and the coat was harsh in feeling, a very well-known indication of 


poor conditi - under-nutrition. 
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prop yrtion of protein food. 
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growth 
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against the view 


aesirabie: 
1. Krom the results the digestion experiments with the reduced 
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diet on soldiers, it is seen that abnormally low protein may affect the 
absorption of nitrogenous material from the alimentary tract 


>, Animals fed diets low in protein do not thrive so wel 


liberal quantities. 


>. Dietary studies all over the world shi hat In communities 


where productive power, enterprise, and civilization are at their high- 
est, man has instinctively and independently selected liberal rather 


than small quantities of protein. 
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Osler! recommends that Americans visiting districts infested with 
beri-beri partake of a large (iS 

Contrary to current impression, the Japanese, at least in the ggg 
are not fed diets low in protein. As shown by the investiqgaam 
summarized in Professor Oshima’s report, the same might be said of 

the Japanese army 

len may 
liet very 
= puen 
found to be the —i_™™__mmmmm for man is not without possible 
danger. The fact that a subject can so adjust an artificial diet as to 
obtain nitrogenous equilibrium, with an excretion of nitrogen amount 
ing to but 2 or 3 gms. per day, is no logical argument for the perma 
nent reduction of the nitrogen in food for the period of a lifetime. 
Further servation that during the 
must be h is detective. \fter the 
body has MMM its growth, there is a period of years Iring 
which a liberal supply of protein must in all probability be used. 
With declining years and less muscular activity, the amount of 
total food as well as of protein can probably be advantageously 

lowered. 

\Ve may note, then, that the following observations militate 
Eee that a material reduction of protein in the diet is 

MEE Medicine (New York), 6th ed., 1906, p. 252 
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vidual outside of the calorimeter, pursuing his ordinary course of life 
but not engaged in any occupation, would actually require more than 
this, because with a greater liberty to move about than was permitted 
the subjects of the experiments, the movements of the body would 
GMB the utilization of more energy. The figures given above, 
MMMM may be considered as practically the lowest requirement under 
CC 
activity this amount very materially A 
professional bicyc] BBB ent work upon a stationary 
bicycle to increase his hay «600 calories per hour during 
the time he was working. MMMM certainly be a very exceptional 
occupation that would re juire any such amount of energy during th 
whole of the working period; but it is not improbable that the re 
quirement for some kinds HM should approximate this at inter 
vals. Certain forms of athletic exercise, as, for example, rowing a 
race, call for large MJ of energy; and professional bicycle 
riders in long races utilize cmmmmous quantities of energy 
[n connection with the establishment of a standard for protein much 
lower than that in common use, Protessor Chittenden likewise pro 
+ ] ‘ ] | + 
poses to iower very materialiy tne standara for energ requirement. 
he first subject with whom Professor Chittenden experimented was 
Mr. Fletcher From his study of Mr. Fletche liet, Professor 
Chittenden came to t e Conciusion tl if -tcnel Vas ipie ft 
hold his own with 1700 calories of energy. During the period of th 
experiment Mr. Fletcher was given the drastic ex ses of the Yale 
University crew, and mnsequently was undergoing an unusua 
large amount of muscular exercise. Professor ( ttenden bases his 
estimation of Mr. Fletcher’s energy requirement upon the fact that 
during the period of six days in which a small quantity of food was 
taken into the body not only was nitrogen equilibrium maintained, 
but the body weight also remained practical inchanged, 
[It was the writer’s privilege to have Mr. Fletcher for three days as 
a subject of an experiment with the respiration calorimete \I1 
Fletcher is a man of athletic physique, and accustomed to consider 
able exercise; but during these three days he was under unusual 
conditions of muscular inactivity. No other subjects in the same 
kind of experiment in the calorimeter have been quite so inactive. 
He spent a large part of each day reclining very quietly upon a cot, 
or sitting reading, though he wrote a little on a small portable type 
1ITTI I ar ne t e, 1902. 
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The peculiar significance of these facts in the present case is that 
Mr. Fletcher's diet consisted in a large part of prepared cereal, maple 
sugar, and milk; so that, aside from the fat and protein in the milk, 
the diet was essentially a carbohydrate diet. Consequently there was 
a tendency for the body to retain water, and any loss in body fat 
might be more than counterbalanced by the gain in water to the 
tissues 

In discussing the results of his experiments, Professor Chitt 
suggests that his own requirement for energy is about 2000 cal 
per day, which is somewhat higher than his estimate of ; 
obtained from his diet. This amount might indeed be sufficient for 
aman of his body weight and muscular activity. 

Professor Chittenden was undoubtedly influenced in basing his own 
energy requirement on a somewhat higher level than that computed 
from the food ingested, by the fact that it was very difficult to com- 
pute the energy values of a mixed diet containing such elaborate 


1, 4 
chocolate 


dishes, as, for example, lettuce-celery-apple sala 


While Professor Chittenden states that his estimations for 
the energy value were obtained from a bulletin published by the 
Department of Agriculture, he must have been seriously hampered 
in these estimations by the fact that the composition and energy 
value of cooked foods are but incidentally considered in this bulletin. 
Obviously, with mixed diets of this nature, the only accurate method 
of obtaining the true energy value is to burn samples of the food in a 
calorimetric bomb. 

In the case of the other professional men studied the energy 
requirement would be, without any question, considerably more than 
it was estimated that they were getting from their food. 

It would hardly be possible, for example, for a man of 70 kilos 
weight to live the active life of Professor Mendel, who was Professor 
Chittenden’s associate in the experiments and one of the subjects, on 
less than 2800 or 3000 calories per day, while it is estimated by Pro- 
fessor Chittenden that Professor Mendel’s energy requirement would 
be fully met with a diet furnishing 2400 calories. 

With the soldiers the muscular activity would certainly call for a 
far greater amount of energy than the ®500-2600 calories suggested 
by Chittenden. Two hours’ activity in a gymnasium in addition to 
the regular drills, to say nothing of the distance covered in walking 
during the day, would call for much greater amounts of energy than 


the 2800 calories computed as furnished in the food. 
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Cha ie body weight is too large in many cases no one will doubt, 
but that too much food 1s eaten alter the weight 1s once established 1s 
Quite | na eT. since the rood Ingested 18 and 11O 
| 4 
used, is stored, it follows that when the vain in weignt ceases the 
INnLkesteda 15 » longer excessive tor the then prevaliing muscula 

Vit the individual, n this discussion Is assumed tnat ex- 
been increased, for obviousiy with increased muscular activity the 
energy requirement becomes larger and the Increased amount of [00a 
may > aii uSea and hence Can no ionger De designated as excess It 
Is becoming more and more evident to experimenters that the amount 
ot tood 24 fis not so much a function of the actual b velcnt, 

+ | + + ] + 
iS * mass OI ac protoplasmic tissue muscle ind ta 
may be considered as sO much Inert material, affording on the one 
Nand a good resistant protection to cold and on the otner proving a 
yurdensome ioad to carry about. 

It is probable that it the majority ol cases whet the body weight 
IS excessive, the surplus tissue could be partiail iispens with to 

i 
advantage by eating diminished quantities of food and drawing sightly 
Dut persistently on tat. Che delicate Just nt etween [0 
consumption and food requirement is not, however, to be trified wit 
\larked changes in dieteti habits should oO I ww the prescription 
Of a col etent physician. 

*>the law of the conservation ot e rey Sint > Numan 
DO , It toliows that the energy requirement ts the energy output and 
iS Was seen [rom the results [f the experiment with the respiration 

meter rel re to, the ieficiency In ener t t ilet 
ol e ited 1o1 y raft upon body materia ) ng as the e rey 

4 eedas i re lai Energy ol I I 
rood il e iowered oniy when the energy output is iowered a Cor- 
resp Ing amount energy output aimost entirely de 
term. Y muscular activity, a lowered dlet necessitates a iowel!l 
piane fr muscular activity to avoid a persistent draft upon Ouy 

[In conclusion, while the experiments of Siven, Hirschfeld, Folin, 
{ ] ] + + 

isparl, and more especially Chittenden, threw most important ight 
Ipon The metadousm of nitrogenous material | ne body, the evidence 

ley present Is far from sufficient tem that the amounts of protein 
rdinarilyv cor ] t ler A | 
rdinarily consuned iii: and materially diminished. 
Un C ntrary, the CV ii would tavor the view that 
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INTRODUCTION. 


his investig n are twofold: The elab 


rate method ot finding the freezing point ot 
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as trom the human body and, secondly, a com 
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MaKe some preitminary experiments SO himsell 
lity of the problem. 


to obtain the freezing, point of 
» that which Hammerslag employed in 


g 
When a drop of blood suspended in an indiffer- 
specific gravity of the drop decreases and con 
rise, differe iquid were 


} } 


gradually cooled and its temperature taken at the point where the 


drop began to rise, this temperature would be the freezing 


the blood examined 
Chree obstacles made this method unavailable: 
1. The opacity of the side of the vessel used to cool the liquid 
rendered observations difficult. 2. The maintenance of a fixed tem- 
iture when freezing occurred. 3. The slow action of the drop 


‘r freezing. 


ING BOD \ 

BY THOS. M. 

oration of an ac 

small quantities of flu 

in health and disease. 

The freezing point of 10 to 15 c.c. of liquid can be readily ascet 
means of the ordinary Beckmann thermometer. But, it 
frequently happens in case of blood, animal secmuammm, contents of 
tumors and swollen joints, cerebro-spinal fluids, that less than I c.c. 
is available, so that the ordinary method ot ascert Lining the lepres- 
sion of the freezing point or A is not feasible. “Jortance of bei: 
ible to determine the free; Dr 
a to the 

He first tried by using a 
method similar t obtaini 
its specific gravity 
ent fluid freezes, the 
sequently the drop wil 
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Dr. Stewart 


mixing the fluid fo 
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substances such as aluminium 


Table I gives results for two 
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were not recor 
chance fo 
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fine wire cl 
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such an 


would 


and coming 
bobbin ou 
to water 
Was then 
and the two 
containing about four quarts of 
The coil was then connected 
resistance measured at 18 
The value found was 


correct, since 0.01 ohm was the 
made with the Wheatstone employed 
this was measured by the tangent mirror 
here was very similar to the ordinary met 


with the Wheatstone bridge and telephone 


current, as used in the former case, 
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hod of 


i 
cxamina vil rent 
+ } + 
t either mercury or 1} and sa 
mercury 1 dium ch] 
) im chlor | results tains 
| but were ot such a nature as to w 
cessful prosecution of the work It w it t 
Gum that the problem was given to 1 
II. THe Evecrricat Met OF | [Al () 
An } trl ii met ) iS first { ioittere 
ture of a led and it va 
to ha increased resistance t l so that w 
.OOL C. it cause a deflection of 1 mm.on the 1 let 
Che copper wire was coiled in the form of a bo 
glass tube. It had one termina the wire p trati 
’ wl » ? 
lass tub It was 1 
ia nnely raduated t 
right position in a lar 
watel 
+ 
with a Wheatsto 
the | ot 1 feler 
[his value was only appro) itely 
neasurement w cou 
le fraction ol 
thod 


Daniel] 
was re 


the Whe 


values are given in 
from thea 


By usin 


| 
i 


ypper, and a 


be wound into a cylinder 14 mm. long 


the basis of this the calculated values ‘nin column 5. 
Some theoretical considerations regarding the electrical method 
such a cylinarical piatinum Ci 


I il 
having an inner diameter of 


yuld be suspended so as to almost 
.8 c.c. of fluid in the tube the coil uld be completely immers: 
Chis reception tube containing the coil and fluid to be frozen could 


be suspended in a suitable freezing mixture. The stirring could be 
aone by attaching uspended coil to the armature 
of a vibrating electro-magnet. The millimetre scale should 


le next be 


standardized in hundredths of degrees with a total range of about 
2° to 3° C. below zero. When about .4° C. was reached the inves- 
tigator would inoculate the fluid by momentarily raising the bobbin 


from the liquid and adding a few flakes of snow toit. He would 
quickly replace the bobbin and set it vibrating by means of the adjust- 
ment to the armature of the electro-magnet. 
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cell was employed while the telepho1 f the former cass 
iced by the mirror galyanometet The connections itl 
eatst re were ldentl i n @a h ré 1] ement 
The tangent galvanometer was arranged } tand faster 
direct to 1 stone wall and protected fron air cur! % \ 
tele pe, with millimeti scale ittacned, was pia al it 
feet from the mirror J > results for s i res tem ratu 
th 8 Ofa? tance of 15 ohms in the i] stead of 0.69 oht 
of the bobbin used. The deflections tor a large increment t 
perature show that a deflection of 1 1m. rresponds t L 
oOo! in the I lit. 
In i ri my with t ab ve lt was ! | t ita le t ) Oo! | 
on the scale was tt by increasing the resistance in the I e 
the bbin by 1 ohm. Now for an increase in 1° ( per 
wire the resistance increases 1 per ent ) e na 
resistance an increas f 1° C. would be 2-6 ohm .69 | 
. and on this basis t ohm would be the rease In resist e | 
2 622° C. increase in the temperature of the li. Dhese « re ) 
pe Experiment 11, Table II, and are not 
btained, 
P| latinum whose specific resistance is 8.1 times that o 
( wire a coil, having a resista e of 1S, 
be 
selected IO mm, Into this tube the 
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reached, benzol or mercury was added. The benzol so readily formed 
an emulsion that it was soon discarded. Good results were, however, 
gotten with mercury. 

Experiments were synchronously made regarding the best method 
of inoculation, the proper kind of stirrer, the most suitable freezing 
mixture and the number, thickness, and size of mantles, and the most 


suitable reception tube. 


gram 


Table III gives a few of the best successive results obtained. The 


freezing mixture was contained in a large vessel which telescoped 


loosely into a second vessel and between the two was placed sawdust. 


Finely divided ice and powdered potassium nitrate in excess was 
used as a cryohydrate, which gave a constant temperature of —3° C. 
A freezing mixture of sodium chloride was found very unsuitable. 
The temperature was too low when the solution was saturated, and 
too variable when unsaturated, since the melting of the ice would 
decrease the degree of saturation and hence lower the temperature 


of the mixture. 


rABLE 
Salt so Strength Salt so- Strength 
ition f sai lution of sa 
en Ve led employed. obtained 
em solut employed soiution 
gram 
5.0 0.45] 0.128 0.7 0.454 
1.0 0.453 0.6 0.450 
1.0 0.452 Of 0.457 “ 
09 0.45 Ou een 0.463 
0.449 06 0.455 “ 
0.9 ee 0.458 ‘ 0.3 1.2 0.465 ‘ 
es ‘ 1? 152 
OS + L.Z U.455 
0 0.459 ai 0.3 1? 0.462 ‘ 
1.2 
O8 1.463 0.3 0.459 
OS ae 0.450 0.3 1.2 0.459 ¢ 
0.7 0.3 1.0 0.464 
‘ > 122 ‘ 
0.7 457 0.3 1.0 0.453 


Comparison of Conductivity 


Description of the apparatus employed. Instead of a si 


as ordinarily employed in cr voscopy, two were used. 


} til , - + it 1} 
the reception we Was m., 1tS outer Glameter was 


inner bore 14 mm., so that its thickness was comparati\ 


The stirring rod was of platinum o.8 mm. in dia 
lower end snugly surrounded the Beckmann bulb, 
vibrate vertically 2.5 cm 
reception tube. 

The Beckmann was adjusted toa ru 
mit the lower end of the bulb to come 
the reception tube. In the eccentric 
ing mixture vessel was placed a fourth tube for the 


ing the Beckmann during the process of inoculation. 


spontaneous freezing « alt solution it was found tha 
began from 1.7 to 3. . below the freezing point of 
variability in the inauguration of the freezing process 
variation in resul juantities were exam 
variable quantity of ns and the total 
the fluid remaining would have a varying concentrati 
its freezing point would also be variable 
an inoculation method which is described be] 

A twisted strand of wires having a rosette 
inoculating purposes. The handle was 
the prongs of the rosette touch the 
The few flakes of snow carried 
fall from them into 
piece of ice, was contained in a 
chloride freezing mixture. Not more than half 
required for each inoculation. At the beginning 
the zero on the Beckmann scale was determined ; 
used was previously boiled and kept in a large, clean, 
flask. 


The technique of a freezing point determination. — 


of taking the freezing point of a small quantity requires 


description. 


After preparation of the ay .2 c.c. of mercury 


W 


ured out by a clean graduated 1 c.c. pipette and transferred 


clean reception tube dried by compressed air. With another similar 


pipette 0.3 c.c. of salt solution was added to the mercury 


dried Beckmann was then placed in the reception tul 
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with the two mantles. The cooling of the salt solution surrounded 


by the three tubes must always go on through at least two degrees, 
otherwise the results will probably be inaccurate. When a point 
was reached 0.4° C., the Beckmann was transferred to the fourth 
tube. This, being at a lower temperature, kept the mercury in the 


Beckmann from rising during the few seconds spent in inoculation 


Upon replacing the thermometer it was almost invariably found that 


the mercury in the Beckmann sc ule had very closely regained 


position it occupied before its removal from the fluid. Gentle 


ring then followed at rate of three a second, and the scale closely 
watched with a jeweller’s lens. The mercury kept sinking as in 


ordinary observations, only the under cooling was about 


0.025 C 

[hen a rise occurs which is maintained by gentle stirring for 
about thirty seconds, and after that with the same stirring the 
cury on the scale will be lowered. In fact, one is surprised at 
easily the readings are made. The time required for a determination 
after — 0.4° C. is reached is about three minutes. 

The rationale in obtaining the freezing point of 0.3 c.c. of salt solu- 
tion.— The question arises as to the heat necessary to explain the 
phenomena observed in the freezing of 0.3 c.c. of salt solution. The 
bulb is 11.5 mm. in diameter and 24 mm. long. Assuming that it is 
1) 


mercury its weight would be 33 gm. The specific heat of mercu 


rv 


a 
is 0.0332, which gives a value of 1.09 calories to 


} 


If allowance is made for the glass and stirring rod, the results would 


~ 


not be materially affected (specific gravity of glass 3.3727 
heat of glass, 0.198). In the complete freezing of 0.3 c.c. 
24 calories of heat given off. If we assume that one hal 
amount, 12 calories, goes to the salt solution, the stirring rod, the 
added mercury, and the reception tube, then the other 12 calories go 
to the bulb. 

In stirring at the rate of three per second with a stroke of 2 
it was found that in the region of the zero the mercury sank at 
rate of o.1° C. per minute or 0.0016° C. per second (call this 0.002 
per second). On this basis the bulb would be losing heat at 
rate of 0.002 calorie per second, or, to stop this decline, 0.002 calor 
per second must be supplied to the bulb. When the mercury in 
bulb is under cooled 0.02° C. and rises to equal the freezing point of 
the liquid examined, and remains there for at least thirty seconds, 


the whole process, occupying say ninety seconds, would requir 


0.1 C. to 
«it 
raise the bulb 1° ¢ 


the mercury, the 


would yield a total of 
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Wheatstone bridge used. On drying, by means of a fine drawn out 
pipette and compressed air, and refilling the tube, the resistance of 5 


per cent potassium chloride was again 596 ohms. This simple but 


TABLE IV. 


0.592 
O.609 
0.599 
0.605 
0.603 


0.609 


0.632 
0.664 
0.644 
O.660 


0.648 


Blood exam . Blood exam- 
(uantity Quantity 
ined Ine = 
c.c 
Dog ] 6.0 Dog 3 0.7 0.564 
‘ 0.7 ‘ O6 0.585 
0.7 0.6 0.577 
0.7 Of 0.573 
“ 0.7 0.577 
0.7 05 0.627 
Dog 2 12.0 Dog 4 10.0 0.610 
“ 15.0 ‘ 10.0 0.612 
0.5 2.0 0.616 
0.5 1. 0.613 
0.5 0.62' 
0.5 0.9 0.623 
: 0.5 O65S 09 0.619 
Dog 3 6.0 0.55S OS 0.624 
1.0 0.560 0.8 0.618 
: 1.0 0.562 0.7 0.624 
“ 1.0 O558 ‘ 0.7 0.627 
«“ 09 0.556 ‘ 0.7 0.630 
‘ 09 0.554 0.7 0.63¢ 
‘ 0.8 0.577 ‘ 0.7 0.615 
0.S Dog 4 0.7 0.620 
serum) 
™ O.S 0.560 = 0.7 0.623 
“ 0.562 0.7 0.615 
a 0.7 0.567 : 0.7 0.614 
si 0.7 0.572 ¢ 0.7 0.624 
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effective test was used about once a week and has shown 
since it was made about four months ago. 

Another change in technique was adopted 
thermometer was placed in the aluminium 
rounded by pounded ice, it was 
found that twenty-five minutes 
was required to get a minimum 
temperature. When, however, 
the readings were taken at 18°C. 
in a copper tube, the minimum 
temperature was reached in 
eight minutes. For this obvious 
reason the conductivity readings 
were not taken at o C. as for- 
merly, but at 18° C.; the results, 
however, are expressed at 5 C., 
as in my previous paper. The 
constant for 5° C. is got from the 
constant at 18° C., by reducing 
the latter 26 per cent; that is, 
for each degree that 5° C. is be- 
low 18° C. the conductivity will 
be reduced 2 per cent. 

A tube of the same length as 
the hamatocrite sealed at one end, and containing 0.43 
employed, instead of the one used in the previous work 


ductivity. This change was due to the larger quantities 


in freezing point determinations. 


V. MEANS TAKEN TO VERIFY CON! 


In order to have a means of verifying results 
of getting a relation between percentages of salt 
ductivity, different strengths of salt solution? were prepared 
conductivities obtained by the micagocrite, compared 
calculated from Kohlrausch’s tables. Table V gi 
tions and experimental results. [’rom columns | 


plotted (Curve 1), the abscissa representing conductiy 
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in reciprocal ohms at 5° C., while the ordinates represent the gram- 


equivalent of the sodium chloride. 


ro VER 
PLOTTING 


also thought advantageous to have freezing 


the same solutions as are given This relation 


of 1000 » to freezing point is based on knowing the gram-equivalent 


ot the solution and the percentage of ionization. 


Table VI gives the imated experimental values in relation to 


the freezing point for the same solutions as in Table V. 


From columns 1 and 3 is plotted Curve 2. The abscissas of this 
curve give the per cent of ionization, the ordinates the gram 


equivalent. 

Curve 3 is plotted from columns 1 and 4, the abscissas of which 
th } ¢} eAinat } ] t 
he freezing point, and the ordinates the gram-equivalent 

( 


lifferences in column 12 are no more than could be expected, 


rABLE V 
1 2 3 4 5 6 7 - 
\ 
| grams ams 
0.2 16.0 122.0 0.17 LO] 64 
0.1 ) 64.0 )] 0.155 ) ( 
( 17.9 0.75 0.128 7 20 
0 9.7 107 O.5( 0.08 53 57 0) 
) 13.9 0.25 0.062 29 
VI. THE MEANS TAKEN P| FREEZING PoINT DETERMI- 
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Ionization 
1000 » j found by mul- 


gram-equiv- nt of con tipiving the 

alent of so- ictivity at values in col 


dium chlo- | 18° C. of solu-. umn 2 by 100 
ride tions in l- and dividing 
umn ]. by 110.3. 


per cent 
67.4 


means of a hypodermic syringe of about 1 c.c. capacity. The blood 
was transferred to a crucible and defibrinated by stirring with a small 
glass rod. Both the fibrin, which helps to increase the volume, so 
important in freezing small quantities, and the defibrinated blood 
were placed in a small glass tube and hermetically sealed. In this 
way it was conveyed to the laboratory and kept in ice until examined. 
The determination was usually made within forty-eight hours after 
shedding. The results for blood from healthy individuals are given 
in Table VIII. 

The micagocrite tube employed for obtaining the hzematocrite 
readings was inserted in the hzematocrite frame and attached to a 
centrifuge which was propelled by an electro-motor at a speed of 


75 revolutions per second for a period of eight minutes. 
The reason for column 8 of this table will be made clear later on. 


The reasons for giving columns 8, 9, and 11 will next be discussed. 
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TABLE VI. 
“ values of 
SO 1m 
1 gram-¢ va 
cI € n 
nts of s - 
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Vaiues 1n ¢ Ss ition c 
umns ] and 3 ‘ 
grams 
1.0 74.4 3.097 sO 
0.5 7” 1.603 20 0.34] 
0.3 85.2 779 0.93S 1.25 0.213 
0.2 SS? 798 0.665 ] 0.170 
0.1 92.5 $3.8 0.360 09 0.155 
0.05 95.9 S6.9 0.172 0.75 0.128 
0.03 3 0.104 050 0.085 
0.02 100.2 9O.S 0.070 0.25 0.042 
0.0] 109.7 93.2 0.035 0.083 0.014 
At infinit 110.3 100.0 
a tion 
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( omparis: 


per cent 
69.2 


IX. THe THEOoR! 


For the purpose of this research it is necessary to 
constituents of the serum, which make up the normal 


Keeping in mind the facts known about the substances wl 


into the conductivity of serum, Table X has been prepared 


Hamburger! gives in his table the oxides in 100 c.c. 
0.95 per cent. Hammarsten® states that 60 to ; 
inorganic salts in serum is sodium chloride, and that a 
of the serum is inorganic salts. Of the electrolytes °® it 


chloride represents 63.4 ‘nt. The sodium chl 
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below are based on facts obtained from Stewart, Hammarsten, and 
others. A knowledge of the grams present per litre, the molecular 
weight of the organic body, and the fact that one gram-molecule of a 


non-electrolyte will depress the zero 1.85° C. enables one to estimate 


the freezing point for such organic body. 


rABLE IX 


lated from a chem 
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Here w ice that the tal sun 0.502. n this sum 


are 1n 


where + is the num] 


at 0.760 mm. and *. The mathematical basis 


not be 
f the value of o.: is taken for normal freezing 


is the freezing point for the organic part of the serum, 


be the freezing point the inorganic, henc 


too- great by ali ~ rer 2 per cent (0.503 + 0.076 ( 


The practical application of the above analysis of serum. The aver- 


age value for the conductivity of serum in Table VIII is almost 82 
It must, however, not be forgotten that the conductivity of serum is 


less than it would be were no proteids present in it. It was found 


from Table VII that egg albumin depresses the conductivity of serum 


ay 
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by 2.2 per‘cent for each gram in 100 c.c. of solution, so that on this 
basis the 82 would become 96 if there were not 7 per cent of proteid 
present. 
The value of Table X{is 98.5 which, like the value we got for in- 
organic freezing point, is a little over 2 per cent of the real value. 
In other words, if the total quantity of salt were reduced 2 per cent 
and the reduction were made proportionately for all the salts, then 
the altered values would represent 
very closely the composition of the 
inorganic constituents of serum taken 
from healthy individuals. The freez- 
ing point would be 0.492, its conduc- 
tivity 88.6. The total quantity of 
salts would be 0.880 per cent. If 
the values in Table XI were added 
the mixture would have a freezing 
point of 0.566 and a conductivity of 
serum of 82. 
The question arises as to a means 
of obtaining the inorganic freezing 
n Hamburger point from conductivity of serum. 
In G, of Tables X and XII, is given 
the total percentage of salts in terms of sodium chloride, the freez- 
ing point of which is 0.519 and the conductivity at 5° C. is go. 
Both of these values are greater“than those for the inorganic salts 
of normal serum. The value of 82 for the average conductivity of 
normal serum gives a freezing point in terms of sodium chloride of 
0.455, which value is too small. The correct freezing point of 0.490, 


however, is obtained from a sodium chloride solution having a con- 


ductivity of 88. This put in other words means that if the normal 


conductivity of serum be increased by 7 per cent its value in terms 
of the freezing point of sodium chloride will correspond to the actual 
inorganic freezing point of serum. 

Thus by increasing the conductivity of serum 7 per cent and using 
Curves 1 and 4 the inorganic freezing point of any serum from a 
healthy individual may be approximately found. 

The facts stated in the last few paragraphs will be made clearer by 
the following abstract: 
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Results obtained from clinical cases. — Table XIII 
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age of salts, or second, an increased weight of organic bodies, such as 
urea, fat, sugar. If A is low it will be due to a decreased quantity 
of inorganic elements of inorganic bodies. 

The value of D (the difference between A by Beckmann and the 
calculated inorganic A), column 10 will largely decide the amount of 
the non-electrolytes present. It will vary directly with the non- 
electrolytes present in serum. 

In looking over Table XIII as a whole and contrasting the results 
with those of Table VIII, one notices that in the majority of cases 
there is a departure from the normal in regard to one or more of the 
factors A,, A,, 

The first disease in the table is nephritis, of which there are ten 


h, A, and D. 


cases. Numbers 2, 3, 4, and 10 show a high conductivity for blood 
and serum, and numbers 2, 3, and 10 also a high # and 4, so that we 
know that the percentage of corpuscles is low and that the salts are 
increased. The cryoscopic values are also in harmony with this 
statement. Such patients would probably showa high blood pressure 
from the high osmotic pressure and have all the other concomitant 
symptoms. 

The anzmias all show high conductivity for blood and one of them, 
No. 14, a high A,. They all show high f and &. The freezing point 
values with one exception are not recorded, as at the time the speci- 
mens were examined I had not yet developed the method for taking 
freezing point of small quantities. 

From the values given for conductivity of the blood one sees the 
abnormality of the blood. 

In connection with numbers 12 A and 12 B an interesting experi 
ment was made; 3 c.c. of blood was obtained from a patient in the 
last stages of spleno-medullary leukamia; 1.5 c.c. was put in each 
of two tubes and sealed. The one 12 B was treated for thirty minutes 
by X-rays, the other untreated. Both tubes were put on ice. Unfor 
tunately owing to circumstances I was unable to examine them until 


four days later. 


[he results, however, gave a hint that the X-rays had modified 


the permeability of the corpuscles. My theory was that since X-ray 
applied locally on patients suffering from this disease produces a 
cytolytic action, that the action might take place under X-ray treat- 
ment of the blood in vitro. It was shown by Dr. Capps of Rush 
Medical College that no microscopic changes are evident in the leu- 


cocytes after a half-hour exposure of leukaemic blood in vitro, but 
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of normal serum, but in the other cases the conductivity is greater 
than that of serum. The fluids from the enlarged gall bladder and 
swollen knee joint give a lower freezing point as compared to that 
of serum. The freezing point in this gall bladder case is, however, 
much below that of normal bile. The average freezing point from 
four examinations of bile from healthy individuals is given by Stewart! 
as 0.803; hence it can be safely inferred that the swollen gall bladder 
in case 47 was not due to simple osmosis. 

In case 46 A, dog’s blood was heated for thirty minutes to 56° C. 
and 46B was not heated. No change was detected in the conduc- 


tivity of the heated serum. 


XI. SuMMARY. 


1. The electrical method of freezing small quantities is adapted 
for a physical laboratory but not for clinical purposes. 

2. The freezing point of 0.3 c.c. of salt solution can be determined 
with a fair degree of accuracy when mercury is added to make the 
volume sufficient to cover the greater part of the Beckmann bulb. 
The inoculation method must be used in all determinations with 
small quantities. 

3. When the volume of liquid reaches 0.8 c.c. the mercury may 
be discarded and determinations made without it. 

4. Blood serum and blood cannot be mixed with mercury in A 
determinations, since an emulsion so readily forms and spoils the 
result. 

5. Not less than 0.8 ¢c.c. of blood or serum can be accurately frozen 
for the reason given above. 

6. The composition of the organic bodies and inorganic salts of 
the serum, as given in Tables X, XI, XII, harmonizes with six facts 
about serum: 

A. It represents closely the total weight of the formed bodies in 
serum. 

B. .It represents the total alkalinity so far as this can be accurately 
shown. 

C. It accounts almost exactly for the five chief elements found in 
the salts of serum. 

D. It gives the right percentage of sodium chloride. 


1 STEWART: Manual of physiology, 1905, p. 315. 
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E. When the percentages of the salts are redu 
gives the proper freezing point, 7. ¢., 0.566 ( 


KF. It gives the proper conductivity for normal se 
7. The improved micagocrite has been shown to ¢ 
as seen especially from Table V. 


8. Conductivity measurements are best made at 

9. The micagocrite tube can be used as an ordinat 
tube. 

10. The freezing point for gases in solution can 
equation A = 8 x (10)~°? where A equals thousand 
centigrade and + the number of c.c.’s of gas dissol 
solution. 

11. The freezing point equivalent 


creased 7 per cent given in terms of so 


imately the inorganic freezing point of serum from healthy indivi 


Its value is 0.490° C. 

12. The curves plotted are of clinical value in 
A, in terms of sodium chloride. By knowing the 
solution, the gram-equivalent of an isotonic salt solu 
ascertained, also its value in grams per 100 C.c. 
gram-equivalent by 5.85. When the conductivi 
tion is known, its gram-equivalent and gram 


wise correlated to a sodium chloride solution 


13. In cases of nephritis, pneumonia, diabetes, and a1 
mation is obtained from conductivity and freezing det 
which appears to be of considerable diagnostic value. 

14. In other diseases, considerable knowledge is 
may help in the proper understanding of blood condit 
however, remain for future investigators to examine ea 
disease in regard to the ultimate value of the above factor 

In conclusion I must thank the internes of Cook County 
and especially Drs. Mathews and Spooner for their courtes 
to me, so that I might have material for the later part of 
and finally to my esteemed professor, Dr. 


gested to me this research. 
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INTESTINAL GASES OF MAN. 


By J. AUGUST 


Experiment Station of 


ROM numerous investigations by various men the conclusion has 
been drawn that in every healthy individual there is always 
present in the digestive tract large numbers of micro-organisms. 
Some physiologists claim, further, that the presence of certain kinds 
of putrifying as well as other kinds of bacteria are absolutely neces- 
sary for continuous good health, normal digestion, and for the best use 
of the food, and that as soon as the conditions for the proper devel- 
opment and activity of these micro-organisms are made unfavorable, 
more or less serious disturbances will be the consequence of it. The 
special beneficial action of these bacteria is ascribed to certain enzymes 
produced by them. Bacterial activity is also accompanied by the 
formation of gas, which is frequently of a combustible nature. 
‘hat combustible gases pass daily, and in varying quantities, from 
a person the writer has long been aware of, but as to the quantity and 
composition of the same there appear to be but few, if any, definite 
and satisfactory figures obtainable. 

Apparently more is known about the gas production in cattle. In 
the digestive tract of the herbivora, especially the ruminants, under 
normal conditions there is always a considerable fermentation of the 
carbohydrates of the feed, resulting in the formation of combustible 
gases which escape from the animal body. This process is so con- 
stant that it can neither be counted accidental nor incidental, but 
ought rather to be looked upon as a normal condition, a kind of 
symbiosis between man and the lower orders of life, as a part of the 
digestive plan itself. The animal nutrition experiments carried on 
under the direction of Dr. H. P. Armsby at State College, Pa., by the 


aid of the respiration-calorimeter, have demonstrated that the quantity 


of this gas mixture is considerable, the carbon of the same amounting, 


in the case of a grown-up steer, from about 6 to 8 per cent of the total 
408 
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carbon metabolized, and its energy 
of the total metabolizable energy of 
The composition of the combustible p 
from a steer fed clover or timothy hay, 
methane. 
ot 
34, 35 
The daily production of methane in 
volume (other gases not included) ranging 
more as the feed is increased. In nutrition 


the gas formation must alway 


therefore, 
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appear to have been left out of account entirel 

are engaged in this line of work, thoug] 

of gas formation, cons 

tible gases formed to be too 

in the results of the experiments 

entirely upon as to what degree of 


Such an assumption as just referred 


twenty times 
more 
stoma 
and ve 
sists largely of « 
ot the OX several 
food we 
factors which would 
1ation less favorable 
Combustible gases, 
has long wished to satisfy 
experimental error they represent a 
to quantity and composition of the 
therefore, I took the opportunity t 
myself for the purpose stated, and 
description of the work and its 
Physical condition and food. 
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weight, about 140 pounds. ‘The daily fare was very 
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a maintenance quantity was consumed. ‘The food was not weighed, 


but the common expression, “ not a big eater,” will perhaps signify 
as much as a few weight figures would. No alcohol, and practically 
no spices, were used. The bill of fare for one day, which may serve 
as an example, was: breakfast — oatmeal, Graham bread, butter, and 
coffee; dinner — soup and crackers, roast beef, potatoes, boiled rice 
and milk, Graham bread, butter, and coffee ; supper —a small piece of 
beefsteak, stewed potatoes, bread, butter, and cocoa. During the day 
there was no heavy muscular work performed, but considerable walk- 
ing about, in connection with the work engaged in. 

Collection of gas sample. — A simple apparatus was constructed by 
means of which the tal gas discharges could be collected with only 
a minimal introduction ide air. From this apparatus the gas 
was transferred to a flask, by displacement of water, and kept over 
water until it was to be analyzed. <A portion of the first lot of gases 
collected for analysis had been allowed to stand for a number of hours 
in thin rubber receptacles, and it was noticed that a quantity of 
gases had diffused through the rubber. The gases were, neverthe- 
less, after the carbon dioxide and water had been removed from 


the same, oxidized by means of platinized kaolin heated to redness in 


a copper combustion tube, and the resulting carbon dioxide and water 
collected by the use of soda-lime and sulphuric acid and weighed. 
For further description of the apparatus see Experiment Station Rec- 
ord, Vol. No. If, pI 42; also Pros eedings Society Promotion 
of Agricultural Science, 1902, p. IIT. 

Analytical results The total sample of gas 


was 1254 c.c., and the result of the analysis was 


CO. tormed by combustion 


H.O formed by combustion 


Assuming that all the combustible carbon was united with only 


hydrogen and present as marsh gas, we would have by volume 


On account of the loss of some of the gases by diffusion through 
rubber, the results of this first lot of gases will not be used in the 


final calculation. 
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©3555 
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The action of the pyrogallol was questioned, and another sample 
was collected over water, and without coming in contact with much 
water it was analyzed for carbon dioxide, oxygen, and carbon monox- 
ide, phosphorus being used for the oxygen determination. The fol 


lowing were the results obtained: 


Basing our calculations upon these last three samples, which were 
taken at different periods and analyzed, and taking the average of 
} 


heures ol 


tained for carbon dioxide and ven, the marsh gas as 


reckoned from the combustible carbon, and calling the remainder free 


be the composition of the rectal discharges 


nitrogen, the foliowing will 


of intestinal gases of man: 
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decomposed nitrogenous substances, there is no way of determinin 


it direc tly. 

Daily gas production. The single 
ume a great deal, but the daily total apy 
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(the jatter after several hours’ withholding of the discharge), 
average being somewhat more than 100 c.c. The actual quantity of 
gas collected a day was one day nearly 700 c.c., and with 
mated amount not collected, the production for the day would be over 
goo c.c. On another day about 600 c.c. was collected, and with the 


estimated loss the total for that day would be between 800 and 
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oxygen removed, leaving a mixture of the three indifferent gases, — 
carbon dioxide, marsh gas, and nitrogen? We can but conjecture and 
ascribe to it a rdle of usefulness in the scheme of digestion and assimi- 
lation of the food, in that this gas mixture may serve as a regulating 
agency to regulate the growth of micro-organisms in the digestive 
tract, checking the growth of some, preventing the growth of others 
which may find their way into the intestines. 


THE EFFECT OF CHANGES IN BLOOD 
RESPIRATORY MOVEMENTS 


GUTHRIE Anp 


, the course of some experiments on the effect of change 
blood-pressure on certain mammalian physiological mechanisms 


blood pressu 


the question arose as to the effect of changes of 
respiration. The present paper embodies the resul 


on respiratory movements 


REVIEW OF THI 
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seen that temporary ligation of the abdominal or thoraci 
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Very few positive statements of the effect on respiration of changes 
of blood-pressure have been found. Starling! says that “ Well-marked 
Cheyne-Stokes breathing has often been observed in cases where 
there was increased cerebral pressure or deficient blood supply to the 
brain. We* have considered in a previous paper the changes in the 
respiratory movements caused by cerebral anemia. Bohr® found that 
the reduction in carbon dioxide elimination was greater after injections 


of peptone than after injections of leech extract, the ratio ©, being 


0.38 to 0.77 for peptone, and 0.60 to 1.01 for leech extract. Whether 
this decreased elimination was due to the peptone itself or to the low 
blood-pressure caused by the peptone cannot be decided by Bohr’s 
experiment. Nothing is said concerning changes in the respiratory 
movements. Pembrey and Giirber* making experiments in which 
severe bleeding caused syncope, dyspnaea, or even cessation of respir- 
atory movements, found that changes in the respiratory quotient 

(Ss) following bleeding with subsequent transfusion were not 
marked (rabbits). Loss of blood to the extent of two per cent of 
body weight without subsequent transfusion was followed by a slight 
increase in the respiratory exchange. The relation of these phenom- 
ena to blood-pressure is again problematical. 

Hill® believes that a certain blood-pressure is necessary to provoke 
respiration, and that when Traube-Hering curves, due to anamia, 
morphia, or magnesium sulphate, appear in the blood-pressure tracing, 
the Cheyne-Stokes respiration bears a certain relation to them, the 
respiratory centre being stimulated to greater effort by each rise of 


blood-pressure. 
EXPERIMENTAL RESULTS. 


Healthy cats were used. The animals were etherized and trache- 
otomy performed. Respiratory traces were taken by means of a 
tambour connected with the tracheal cannula, the excursion of the 


1 STARLING: SCHAEFER’S Text-book, 1598, ii, p. 309. 
2 STEWART, GUTHRIE, Burns and PIKE: Journal of experimental medicine, 
1906, vili, p. 289 

> Bour: Centralblatt fiir Physiologie, 1888, ii, p. 261. 

4 PemMBREY and GURBER: Journal of physiology, 1893, xv, p. 449. 

§ Hitt: The Cerebral Circulation, 1896, p. 132. Philosophical transactions 


of the Royal Society, Igoo, 113 B, pp. 77-85. 
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Changes in Blood-Pressure on Respirat 


writing point being regulated by a s clamp 
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pirations in twenty seconds. Sustained high pressure is accompanied 
by a uniform or by an increased rate. A pressure of 178 mm. gave a 
rate of 20 in the first twenty seconds and 24 in the next twenty sec- 
onds. A sudden fall in pressure is generally followed at first by an in- 
crease in rate or by no change. Usually also, there is later a period 


Idog. Respiration at top, with blood-press 


in seconds jase line immediately above time 


ry successive periods of 20 seconds wer 140 mm., 


JSS mm., 28 respirations; 114 mm., 29 res 


of slowing. Thus, following a pressure of 185 mm. with a rate of 29 
in twenty seconds, a pressure of 110 mm. is associated with a rate of 
27 in the first twenty seconds after the fall, and the rate of 22 in the 
next twenty seconds. Again, a fall from a long sustained pressure 
of 178 mm., with a rate of 24 in twenty seconds, to a pressure of 
115 mm., gave a rate of 28 in the first twenty seconds, and 25 in the 
next twenty seconds. Occasionally also, there is an immediate 
slowing after the fall (Table L., Fig. 1). 

Apparently anomalous results appear in the tables. For example, 
an increase from a pressure of 118 mm., with a rate of 26 in twenty 
seconds, to 178 mm. gives a rate of only 22 in twenty seconds. A 
fall from this latter pressure to 117 mm. gives a rate of 24 in the first 
twenty seconds, with a subsequent rate of 20 in twenty seconds at a 


pressure of 125 mm. 
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Changes in Blood-Pressure on Respiratory Movements. 


After the vagi are divided essentially the same results are obtai 
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(Table II., Fig. 2) 
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THE INTERPRET 


Two factors, acting in opposite ways, are probably concerned in 
the establishment of the respiratory rate, and neither must be lost 


sight of in the interpretation of the results. There is, first, the chang 


ing blood-pressure, and, second, the change in the carbon dioxide 
content of the blood. Bienfait and Hogge! have shown that the 


i¢ 


respiratory rate varies directly with the carbon dioxide content of 
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the blood. When the thoracic aorta is ligated, the blood supply to 
the greater part of the oxygen-consuming tissues of the body is 
greatly reduced. The posterior part of the body is not completely 
anzamic, for Colson ! has shown that, with the thoracic aorta ligated, 
potassium ferrocyanide injected into the external jugular vein of an 
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animal may be demonstrated in the blood of the femoral vein six 
to nine minutes later. ~The blood supply must, however, be inade 
quate to maintain these tissues in their normal state of gaseous 
exchange. Hence, carbon dioxide must accumulate in them dur 
ing the period of anzemia and overload the first blood coming from 
them after the release of the thoracic aorta. 

Applying these considerations to the interpretation of the results 
we must assume that, before the aorta is constricted, all the tissues 
of the body are normally oxygenated. When the ligature is tightened, 
the carbon dioxide content of the blood in the anterior part of the 
body is decreased. 

We should expect along with a decrease in the carbon dioxide 
content of the blood in the anterior end of the animal a decrease 
in the respiratory rate. This result has actually followed in one ex- 
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We conclude, therefore, that under the conditions of our experi- 
ments the usual effect of any considerable increase in blood-pressure 
is an increase in the respiratory rate with diminished amplitude, 
while a fall in pressure causes a slower rate with greater amplitude. 

Two general explanations of these phenomena appear open to us. 
First, the increase of blood-pressure may act on the centre directly, 
as stated by Hill. Secondly, the increased blood-pressure may, per- 
haps, lead to increased metabolism and greater carbon dioxide output. 
[he increase in the respiratory rate may then be only a secondary 
effect of the increased metabolism. At present we have no decisive 
evidence in favor of either view. 

The results may afford an explanation of certain clinical phenom- 
ena. It has been observed that the sudden withdrawal of ascitic 
or pleuritic fluid is accompanied by changes in blood-pressure and 
respiration. These blood-pressure changes are probably sufficient to 
account for the respiratory changes, although it is possible that irrita- 
tion of the lungs during the withdrawal of pleuritic fluid may play 
some part in these changes. 

In studying the effect of drugs and tissue extracts on respiration, 
the changes must be shown to be independent of blood-pressure 
changes due to the substances used before definite conclusions can 
be drawn. For instance, the conclusion has been drawn that marrow 
extract directly stimulates respiration,! but this is unwarranted by 
the evidence presented, although there is some evidence that marrow 
extract may act on the afferent respiratory nerve endings in the 


lungs. In the recent work of Doyon and Kareff? on atropine and 


hyoscyamine, the slower and deeper respiration during the period of 


low blood-pressure may be due to the low pressure and not to the 


drugs used. 
We are indebted to Professor G. N. Stewart for criticism of the 


proof sheets. 
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THE EFFECT OF CHLORALHYDRATI 
PROPERTIES OF HEARKT-MU 


Y there appeared in 
Pathologie und Pharmakologic 

he discusses the effect of lI 

His conclusions may be given as follows : 

1. The refractory period, during early stages 
shortened without any change in the threshold val 
In more advanced stages of poisoning 
ently abolished. 

The all or none law ceases to hol 


Summation may occur in early 


time when the contractile energy 


been impaired. 
4. With gradually advancing stage 
response to stimuli of a low frequency, yield 
tions resembling incomplete tetanus, and fin 
mated tetanus. 
5. Through the agency of chloralhydrat 
centres of the heart are paralyzed before the fibres are. 
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METHOD. 


Three series of experiments were carried on, the first of whioh 
included experiments upon the heart, zz s¢tv, of Pseudemys elegans 
and P. rugosa and upon ventricular strips taken from the same species. 
The second series included experiments upon the heart of Rana hele- 
cina, and the third series upon the heart of large specimens of Rana 
cetesbiana. 

In the second and third series of experiments the skin was clipped 
just above the occipital condyles and a narrow-bladed scalpel thrust 
into the slight depression immediately back of the tip of the para- 
sphenoid until the medulla was reached. Then by carefully inserting 
a bent ligating needle into the incision and passing it first forward 
and then backward, the brain and anterior portion of the spinal cord 
were destroyed with scarcely any loss of blood. The animal was then 
securely pinned, dorsal side downward, to a flat piece of cork, — the 
skin, muscle, and sternum severed by a longitudinal incision and 
spread apart so as to expose the heart. Then the heart was clamped 
in the region of the auriculo-ventricular junction by means of a 
Gaskell clamp, yet not firmly enough to cut off the blood from the 
ventricle. Into the apex of the ventricle was inserted a fine platinum 
hook which was fastened by means of a thread to one end of a straw- 
recording lever directly above the heart. This hook also functioned 
as one of the electrodes. The other electrode was a fine needle so 
placed that its point could be brought into contact with any portion 
of the ventricle without materially injuring the surface of the heart 
or interfering with its movement. Single break shocks from an 


induction coil were used, the primary coil being supplied by a current 


from one or two large Edison-Lalande cells. The threshold stimulus 


was determined as soon as the specimen was in place, and its relative 
strength was expressed by the distance in centimetres between the 
primary and secondary coils.’ Except when testing the absolute 
refractory period? this strength of stimulus was used until a change 
in the irritability of the heart was noticed, whereupon the strength of 
the stimulus was increased or decreased so as to insure the use of a 
stimulus slight!y above the threshold. It was necessary to exercise 
this precaution inasmuch as the hearts of different frogs, and indeed 
of each individual frog, may vary in irritability. 

' For convenience the strength of stimulus will be spoken of as St cm., 


* Absolute refractory period corresponds to the time of systole. 
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became effective at a time corresponding to late systole; the heart 
upon the application of successive stimuli yielded compound contrac- 
tions resembling summation and tetanus; the irritability gradually 
increased to a given maximum, after which it steadily decreased as 
the poisoning advanced; the power to contract automatically was 
more or less impaired and the heart on the whole showed a decreased 
rate of contraction. 

During later stages of the poisoning the heart grew more and 
more sluggish; the phenomena of so-called summation and tetanus 
became more prominent; the power of the ventricle to yield auto- 
matic contractions was lost; as the contractility diminished stronger 
induction shocks had to be administered in order to call forth extra 
contractions during a given diastole; and finally the muscle ceased 


to respond even to very strong shocks. 


REFRACTORY PERIOD. 


It is well known that electrical stimuli administered during the 
systolic phase of the normal heart are ineffective, and that a weak 
stimulus sent in during late diastole which calls forth an extra systole 
might fail to do so if applied to the heart during early diastole. It 
would seem, therefore, that the refractory period may be limited to the 
time of systole plus a portion of diastole. By applying appropriate 
stimuli the portion extending into diastole may be shortened. This 
portion of the refractory period is for convenience designated as the 
variable refractory period, whereas that portion corresponding to the 
time of systole and which towards electrical stimuli remains constant, 
is called the absolute refractory period. To illustrate, in Fig. a, 
dots 4, 6,... 24 represent effective stimuli, and 2 represents an 
ineffective stimulus. In the first contraction the last non-refractory 
point lies somewhere between c and d, this point being called +. The 
variable refractory period, then, corresponds to the portion of the 
cardiac cycle represented by ad. In Fig. 2, 4, it will be seen that 
stimuli 4, 8, 10, 12, 14, 16, and 22 are within the absolute refractory 
period; stimuli 18 and 20 at the end of systole mark the termination 
of the absolute refractory period, the latter period extending, as above 
stated, from the beginning of the systolic phase to the last non- 
refractory point therein. Hence stimuli 4 and 22 of this figure fall 
within the absolute refractory period, whereas 6 falls within the vari- 


able refractory period. 


4 

3 


Liffect of Chloralhydrate upon 


From an example analogous to Kohde’s Fig. 1, 


> 


be seen that the early shortening of the refractory pet 


by him involves only the variable refractory period Let it be suy 
posed that the atropinized heart yielded contractions like those in 


Fig. 2, 4, and that such a heart, though responding to a stimulus in 
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the diastolic phase at point 32, failed to do so at point 31. After 
treating the heart with chloralhydrate it responded not only to stimuli 
31 and 32, but also to a stimulus of equal strength that was applied at 
the beginning of the diastolic phase. One effect, therefore, of the 
chloral poisoning was to shorten the refractory period. The first non- 
refractory point having been moved from between points 31 and 32 
to the end of the systole, it is clear that only the variable refrac- 
tory period was shortened. As is known, this variable refractory 


period can be shortened either by increasing the strength of the 
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stimulus or by increasing the irritability of the heart. My experi- 
ments,! unlike Rohdes,? indicate that an increased irritability ac- 
companies the shortening of the variable refractory period. It is 
reasonable to suppose that this irritability is a result of the changed 
condition of the muscle, which in turn causes a shortening of the 
variable refractory period. 

Fig. 3, f, is a tracing of Rohde’s Fig. 2, 6. It will be noticed that 
for the third contraction the fourth to seventh stimuli inclusive fall 
within the time of systole, and that this contraction is greater in extent 
than the first, second, and fourth contractions. This increased height 


1 See record of experiments, p. 498. 


2 ROHDE: “ Doch habe ich vielfach feststellen kénnen, dass der Schwellenwert 


der wirksamen Reize in keiner Phase der Chloralvergiftung absinkt.” Loc. cé?., 
108, 


b 
fractory period 
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in the contraction Rohde attributes to the combined a n of the 
named stimull Likewise Rohde leads one to infer that for the 
contraction, the tenth to thirteenth stimuli inclusive, each a 
its turn, result ina heightened systole like that descr | f 


contraction. In addition to the apparent action of the 
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stimuli, stimulus 14 instead of simply augmenting the alrea 
creased extent of the contraction, is followed by an extra contract 

If all of the above stimuli are effective, as above stated, such a con 
tion would lead to the conclusion that the absolute refractory pet 
had entirely disappeared, or that the absolute refractory period w 
masked by the successive contractions of separate parts of the muscle, 
the stimuli which were apparently effective during systole being in 
rea..ty only effective for those parts in diastole. That is, the base of 
the ventricle, because of the slow propagation of the contraction 
wave, was passing into diastole at a time at which the apex was in 


systole. An extra stimulus for the base would therefore be effective, 
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and the new systole would either augment the extent of the contrac- 
tion or would result in an extra summated contraction, depending 
upon the manner in which the new contraction wave overlapped the 
previous wave. 

Fig. 3, a 4c, represents a heart in about the same stage of poisoning 
as that represented by Fig. 3, f The heart following stimuli 1 and 2 
of a, 1 of 6, and 3 of ¢c, especially the latter, responds with contractions 
of increased height. Contraction 5, ¢, is analogous to the third 
contraction of Fig. 3, f, and contractions 1 and 2, a, and 1, 4, 
illustrate the same phenomena. It will also be noticed that in 
Fig. 3, a, contractions 6, 7, and 8 show a gradual rise which may be 
due to stimuli 3, 4, and 5, but in Fig. 3, 4, contractions 2, 3, and 4 
following a compensatory pause show a similar increase in height, 
whereas in Fig. 3, c, contractions 1, 2, 3, and 4 do not follow a pause, 
yet show no difference in height, although stimuli 1 and 2 fall in the 
period of systole at a time corresponding to stimuli 4 and § respec- 
tively of Fig. 3,a. This would seem to indicate, therefore, that 
stimuli 3, 4, and 5 of Fig. 3, a, are ineffective, and that the increase 
in height is due to treppe. Furthermore, the evidence that stimuli 
are ineffective during the earlier part of the period of systole is to be 
found in such a record as 3,¢. The heart was not stimulated during 
the second contraction, but in the first, third, and fourth contractions, 
stimuli 1 and 2, 3, 4 and 5, and 6 were applied to the heart during its 
period of systole, as represented by contractions 1, 3, and 4 respec- 
tively. Stimulus 6, during the time of late systole, was effective, 
but stimuli 1 and 2, 3, 4 and 5 at an earlier period of systole were 
ineffective. It would seem, therefore, from these experiments, that in 
Fig. 3, f, copied from Rohde, it is not stimuli 4, 5, and 6 of the third 
contraction, and stimuli 10, 11, and 12 of the fifth contraction, but 
stimuli 7 and 13 which cause the increase in the extent of contrac- 
tions 3 and § respectively. Therefore the absolute refractory period, 
though shortened, is still present, and corresponds at this stage of the 
poisoning to the greater part of the systolic period. 

rhus far I have laid particular stress upon the fact that the short- 
ening of the absolute refractory period and the degree of poisoning 
seem to bear no definite ratio to each other and that after the first 
sudden shortening of the absolute refractory period it extends over 
a certain definite portion of the systole despite the gradual loss in 
contractility. Let us now consider the more advanced stages of poi- 
soning at a time at which the force of the contraction has been greatly 


reduced. 
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Fig. 4, a, illustrates records of normal contraction 


from the same heart seven minutes after injecting sor 

2 c.c. of the solution. It will be noticed that in the case of i 
contractions 5 and 6, the extra stimulus during systole was inett 
tive. In the compound contraction 7, the extra stimulus has fall 


the shortened absolute refractory period 
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In Fig. 4, ¢, owing to the long latent period and thx 
contraction, it was possible to exercise a greater range of 
the moment of stimulation than in lig. 4, ¢ Che absolute reft 
period is shortened as shown in the second and th 
yet there is a definite refractory period that remains even at 
late stage of poisoning. (See contractions 4, 5, and 7, F { 
Fig. 4, ¢, @, illustrates another phase of potsoning. 1 


taken from a heart that was very irritable, and early in the 


the experiment, before the first injection, showed a ma 

in the force of its contractions. There was then injected 

5 c.c. of chloralhydrate solution with the result that the heart y! 
ceased to yield spontaneous contractions. Record ¢, contract 

4, and 8 show extra contractions in response to stimul! late in 
systole. By reason of the magnification used, the lever moved 
rapidly that it was impossible to exercise much choice as the m 
ment of sending in an extra stimulus during the short syst he 
extra response, furthermore, was made up of fibrillary twitches which, 


when viewed through a hand lens, seemed to be limited to the ré r 


| 
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of the electrodes. These few twitches resulted in a kind of contrac- 
ture, so that in this case there apparently was no absolute refractory 
period. However, I can confirm Rohde’s statement to the effect that, 
‘Bei starkeren graden der Vergiftung ist die refraktare Period an- 
scheinend ganz verschwunden,” if particular emphasis be laid on his 
proviso, ‘‘ anscheinend.” 

While in certain cases it may appear that the heart responds to 
single induction shocks in any part of the extremely short systole, yet 
by reason of the small amount of muscle which is brought into play 
in producing such a small contraction, it is just as probable that the 
second stimulus calls into action fibres which were but slightly affected 
by the first stimulus. In this case there would still be present an 
absolute refractory period which, however, would be masked by the 
contraction of a different set of fibres in response to the second stimu- 
lus, the effect of this stimulus being recorded during the systole of 
the first set. 

In spite of the evidence in my experiments, which favors the idea 
that the refractory period persists as long as the contractility, let us 
grant that it may disappear at a time when the contraction is so faint 
as to make it practically impossible to prove its presence, of what 
significance would it be in support of the neurogenic theory? If, as 
Rohde maintains, chloralhydrate affects the nervous mechanism before 
it does the muscle, and the refractory period depends for its existence 
upon the intrinsic ganglia, then we ought to expect it to disappear 
with rhythmicity or at least long before the contractility. I have 
proven conclusively that the refractory period persists at least until 
the muscle has lost its rhythmicity, and with the exception of a 
slight shortening remains intact until the contractions are so faint 
that it is impossible to experiment successfully during the systolic 
phase. As I shall try to show later, it is not necessary to adopt 
Rohde’s assumption in order to explain the effect of chloralhydrate. 


THE ALL or None Law. 


In the chloralized heart, as in the normal heart, an increase in the 
strength of the stimulus is not accompanied by an increase in the ex- 
tent of the contraction. Preparations in various stages of poisoning 
were tested, yet in no instance was it possible to confirm satisfactorily 
Rohde’s statement to the effect that the all or none law is done away 
with. Variations in the height of the contractions were met with, 


Liffect of Chloralhydrates upon Heart-AMuse: 102 


but these seemed to be due to trepp« Che same may bs 

ing such a phenomenon as is illustrated by Rohde’s | ‘ 

which the extra systole resulting from an artificial stimulu iring 
the time of late diastole was higher than the preceding spontane 
contractions [his increase in the extent of the extra tract 
commonly met with in the normal heart, and can be easily explain 


as the effect of treppe. 
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In Fig. 4, f, a tracing is given which shows that at a very 


of the poisoning, increase in the strength of the stimulus does 
result in an increase in the extent of the contraction 
Iam unable to reconcile the difference in the results a 


by Fig. 4, f,and Rohde's Fig. 4, p. 110, this figure appearing the same 


as mine except that an increase in the strength of the stimu f 
lowed by an increase in the height of the contraction. In cy 1S101 
I can only say that my data lead me to conclude that 
law prevails in hearts drugged with chloralhydrate 
SUMMATION 

At an early stage of chloralhydrate poisoning of the fre 
it is possible to secure a compound contraction trom two s 
stimuli, such as is represented in Fig. 3, ¢ (Fig. 1, 6, Rohde) \t 


the proper stage of poisoning the compo ind contraction thus o L1N¢ 


may give a curve resembling in all respects one from a 
contraction of skeletal muscle. Similar results may be obtained al 
from excised strips of the terrapin’s ventricle after imm 
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solution of chloralhydrate. As is well known, such a phenomenon 
cannot be obtained from normal heart-muscle under the usual con 
ditions of temperature. So far as the effect of chloralhydrate is con- 
cerned Rohde states that this summation may be obtained at a stage 
of poisoning during which the force of contraction from a given stim- 
ulus shows no decrease in extent. In my experiments, on the con- 
trary, it was found in all cases that the action of the chloralhydrate 
had caused a decrease in the extent of the individual contractions 
before the phenomenon of summation was obtainable. A suggestive 
fact observed in this connection was that in some cases strips which 
had been immersed in a solution of chloralhydrate and which were 
exhibiting the phenomenon of summation displayed a difference in 
contractility at the two ends. A mechanical stimulus applied at one 
end gave a weaker contraction than when applied at the other end 


So also in the case of the drugged frog’s heart a similar difference 
might be observed between the base and the apex of the ventricle. It 
seems possible, therefore, that the apparent summation following upon 
successive stimuli may be due to added contractions of separate parts 
— that is, the excitation wave aroused by the first stimulus may involve 
only a part of the muscle, while the second stimulus following at the 
end of the refractory period of the first contraction may excite the 
formerly quiescent part and thus give an apparent summation. Such 
a result, as is well known, may be obtained from a strip of ventricular 
muscle in which a partial block has been established by compression 
or by section. A similar result was obtained in a series of experi 
ments made upon strips of ventricular muscle from the terrapin which 
were immersed in a solution containing 0.7 per cent of sodium chlo 


ride and 0.025 per cent of calcium chloride and which were kept at a 


temperature between 0° and 1° C. When such a preparation in a 


moist chamber and at a temperature of 1° C. is stimulated, it re- 
sponds with contractions which show not only a slow systole and 
diastole, but are also of smaller extent than at room temperatures 
If now a preparation of this kind is given two successive stimuli so 
timed that the second stimulus falls at the beginning of the diastole 
of the first contraction, a summated or compound contraction results 
which resembles closely, as is shown by Fig. 5, contractions @ 1 and 

1, the curves obtained at an advanced stage of chloral poisoning. 
It is most probable that lowering the temperature to this extent 
depresses the metabolic processes in the heart, and possibly in this 


case also the wave of excitation from the first stimulus fails to involve 
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the whole of the muscular strip. Whether or not t] 


correct, the parallelism between the action of the low te 
and the poisoning by chloralhydrate is significant | 
would indicate that the ability to give a summat t t 
nected in some way with a slowing and weake1 t 
metabolic processes within the muscle itself 
TETANUS 
If the normal heart be stimulated during the ti \ 
by single break shocks such as will call forth a 
f "hy “fal 
Ng i 
I \ t 
‘4 \ ell l 
s hear t time after t 
if S g over 3 
iter stage t € 
n I ext i 
dru l ! a later stage i 
this process be repeated a number of times in ra successi 
resulting contractions are of unequal height and are usually I 
extent than the first contraction of the series The extra contract 
of such a series are quick and jerky, yielding a very irregula 
like that illustrated by Fig. 6,2. If tetanic stimu ppre 
strength be employed, the ventricle may either beat at a mor 
rate or be thrown into fibrillary contractions S| t 
happen, the form of curve then resembles that of | 
The reaction toward tetanic stimuli in the chloralized unt 
ditferent. The muscle is more sluggish even in the early st t 
the poisoning; the tendency of the ventricle to pa nto fibrillary 
contractions, following successive stimuli of moderate strength, gra 
ually disappears; and instead of tetanic stimuli resulting in a set 
of irregular contractions, as illustrated by Fig. 6, a ul from the 
} 


normal heart, the extra contractions are of more ul rm he 
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lig. 6, a. As the poisoning advances, the height of the extra con- 
tractions exceeds the height of the first contraction of the series, the 
number of stimuli required to maintain this height being very small 
In still more advanced stages of the poisoning, when contractility has 
been greatly impaired, the so-called tetanus curve ascends rather than 
descends, see Fig. 6,e,7,4,and z. Rohde’s! Figs. 1, 6, 6, 6, 7 and g 
are excellent, and show in addition to the illustrations given in this 
paper so-called tetanus curves in which the individual contractions 
have been more or less fused. Strips of terrapin heart treated with 
Ringer’s solution plus an excess of calcium chloride also show sum- 
mated contractions, a slightly shortened absolute refractory period, 
and a marked tendency to yield compound contractions resembling 
summation and incomplete tetanus, these being preceded by a decrease 
in the extent of the contraction. Strips treated with Ringer’s solu 
tion saturated with ether show similar phenomena, but so-called sum- 
mation and incomplete tetanus are less marked, and it is difficult to 
secure curves resembling complete tetanus until after considerable 
diminution of contractility. 

Walther? observed that conditions which favor the production of 
so-called tetanus and summation of the frog’s heart likewise favor the 
production of treppe. I also have noticed a marked tendency to 
treppe in the chloralized heart at the time that it is exhibiting the 
phenomena of summation and tetanus. Whatever may be the under- 
lying conditions necessary to the production of each of these phenom- 
ena, it seems evident that they are closely related. For it is possible 
to conceive of the so-called tetanus curves as being composed of a 
series of individual contractions showing a distinct treppe, which is 
due either to a general improvement in the irritability of the heart 
muscle or to an increased conductivity whereby the entire musculature 
is thrown into co-ordinated action instead of responding with more or 
less localized contractions. 

[t is important to bear in mind that these compound contractions 
are, as a rule, less in height than the normal contractions of the 
undrugged heart. Provided the poisoning is not earried too far, it 
can be shown that the muscle may be revived so that it will, by appro- 
priate treatment, again yield contractions that are normal and higher 
than the compound contractions. If the normal contractility is re- 


gained, the muscle ceases to yield contractions which simulate sum- 


ROHDE: Loc. ctt., pp. 107, 112, 113 
WALTHER: Archiv fur die gesammte Physio 


logie, 1900, Ixxviii, p. 59 
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mation and tetanus. It is evident, therefore, that thes« my] 
contractions depend for their existence upon a condition of the muscle 
which produces reduced or partial contractions in response to s 


induction shocks. What the exact nature of the process may be 


at present impossible to say. As was mentioned i sCcussing sur 
mation, however, the results closely resemble the ndition ( 


by low temperatures 


That which is called tetanus and summation by Rohde may 
explained as a phenomenon due, in the first place, t retardati 
the process of diastole; in the second pl e, to an i ¢ ) 
tion and irritability of the muscle following upon repeated st tion 


In any event, it must be recognized that this so-called tetar 
heart-muscle differs from that of skeletal muscle inasmuch 
chloralized heart continues to exhibit a definite retractory per 


extending over the greater part of the phase of the contraction 


SUMMARY. 


1. The ventricular muscle of the frog or terrapin when dosed 


chloralhydrate shows a gradual diminution in contractility During 
the earlier stages of the poisoning the irritability increas fter W 
it gradually diminishes. The spontaneous beats become weaker at 
finally disappear. :ventually the muscle loses all irritability to the 
strongest induction shocks 

2. During the progressive stages of the poisoning the refractory 


period is at first somewhat shortened, so that the muscle becom 


irritable to artificial stimulation toward the end of systole. There 
remains, however, a definite refractory period, designated in t 
paper as the shortened absolute refractory period, which extends ove 
most of the systolic phase and is retained as long as the heart shows 
any response to artificial stimulatien 

3. Ata certain stage in the poisoning the heart-muscle when stin 
ulated by two successive shocks exhibits the phenom: f summate 


contractions and gives on repeated stimulation a curve resembling 
that of incomplete tetanus of skeletal muscle. In the later stages 
poisoning this tetanic curve may show a gradual ris¢ 

4. The maximum shortening reached by these so-called compout 
contractions is always less than that shown by the normal single cot 


tractions of the unpoisoned muscle 


f 


5. Similar phenomena of summated contractior 


contractions resembling tetanus may be obtained from heart-1 
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when treated with an excess of calcium. 
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1 to near zero centigrade, when treated with ether, o1 


In all such cases the indi- 


vidual contractions are first diminished in extent before the phenom 


enon 


of 


summation is exhibited. The view is suggested that this 


summation may be due to an improved condition of conductivity 


brought on b 


y successive stimuli whereby the entire musculature is 


brought into action. 


a result of the action of chloralhydrate. 


The characteristic properties of the heart-muscle are not lost as 


A definite refractory period 


remains, and theall or none law holds true at the time when the heart 


sh 


ows the characteristic effects of the poisoning, such as compl 


] 


ete 


loss of spontaneous beats and the appearance of the phenomenon of 


summated contractions. 


RECORD IN DETAIL OF THREE EXPERIMENTS 
Experiment 77, April 3, 1906. — Rana cetesbiana (very large 3 

2 3.33 P.M Pithed and fastened to cork sheet as described under 
head, Method.” 

3.36. Rate of rhythm equals 28% beats per minute ght of con- 
traction equals 8.7 mm. 

}-3. Secondary coil 20 cm. from primary; no response to first nine 
stimuli; to tenth stimulus, response late in diastole ; later response one 
fourth length of diastole from tip of crescent 

4:18. Rate, 224 per minute ; height, 10.7 mm. 

}.214. Injected into anterior abdominal vein 3 c.c. of 0.75 per cent 
olution chloralhydrate (Eimer and Amend). Height of contraction 1s 
immediately decreased ; systole lengthened ; rate of rhythm slowed. 

4 23-4.27 Distinct summation; S22cm.' Absolute refractory period 
shortened ( ? eight, 8-8.8 mm.; rate, 10.9 per minute. 

1.28 Rate, 13.6 per minute ; height, 8 mm. ; responds to S24 cm 

1.28454 Ceases to respond to S24 cm., responds to $23 cm 

$-37- Rate, 192! per minute ; S23 cm. no response, $22 cm. responsi 
late in D; S21 response one-third in D. 


pontan 


ht of contraction from ial stimulus higher than that 


10. Hel 
ous contraction. 


] stimuli. 


artificia 


$5. Distinct treppe in response to successive 
51. Responds to $23 cm., one-third in D. 
54. Kesponds to S24 cm., one-third in D, distinct summation. Rate, 
per minute ; height, 7.2 mm. 
0 Height, 7.6 mm. ; responds to $24 cm., one-fifth in D 
S22 cm. equals secondary coil 22 cm. from primary 
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muli, yields a com- 


‘mbling incomplete tetanus. 


5.0 Injected 2 c.c. 

8.1. In response to number of successive stimuli heart assumes 
rhythm of 32! per minute; height, 8.9; changes to slower rhythm 

8.4 Rate, 3 per minute; height, 13.5 mm.; cardiogram more or 
le SS flat-top] ed. 

8.44. Rate, 20 per minute. 


5.44-9-43- 


ceases to beat spontaneously ; 


does not respond t 


S22 cm. ; summation ; excellent compound curve resembling tetanus 
10.3 Coil 22, 20, 18, 16, 14, 12, 10, 8, 6, 4, 2, 0, —15, all contrac 
tions same height; refrac tory period does not iniringe upon the systol 
further than at 4.27 
April 26, 1906. Rana cetesbiana 


11.00A.M. Frog pithed as described in ‘‘ Method.” 

11.2 Rate, 32 per minute ; height, 10.g mm. 

11.22. Kate, 27.5 per minute ; height, 1ro.1 mm. 

11.23 Injected 2 c. 

11.23. Rate, 26.2; height, 7.6 to 5.4 mm. 

11.24. Rate, 18; height, 4.9 to 6.5 mm. 

11.244 Heart stops; does not respond to Sig cm.; but does t 
S15 cm 

11.25 In response to $17 cm. marked summation ; absolute refractory 


pt riod not shortened. 
Response to S18 cm. ; 


17.5 average height, 8.8. 


} 


beat spontaneously Rate 


11.29. Rate, 20.6; height, 9.1 mm. In response to S17 cm. A. R. | 
slightiy shortened 

11.38 Responds to 520 cm. 

11.42. Rate, 25.5; height, 10.3 ; responds to S21 cm. 

11.454. Rate, 26.2; height, ro mm. 

11.46. Injected 2 c. 

11.483. Rate, 27.2; height, 10.1 mm. 

Injected 2 c.« 

11.53. Injected 4 c.c.; rate, 9.5; height drops from 9.8 to 4.7, and 


later to 3.5 mm. 


marked summation in res] 


, but not to S24 cm. 


11.554. Rate, 15; height, 5 mm. ; 

S21 cm 
11.57. Muscle readily goes into so-called tetanus. 
12 M. Responds to $23 cm 


12.29 P.M. Kate, 20; he 


Injected 2 c.c. 


ight, 9 mm. 


Heart 
| 
12.42. 
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12.45. Ceases to respond to $22 en 
S] contraction after 

12.48. Height, 5.1 mm. immation marl \ 

12.53. Rate, 6 per: ite ; height, 3 n 

1.3. Responds to S24 cm., but not to S25 « 

1.5 Responds to S21 ct but not to S22 « 

1.7 Injected 1 cc Rat s slowed: h t ! ed: A 

1ortened as at 11.29; latent period lengt 

1.3 Definite refractory period it 1.07 Sif 

1.22 Inject I Cc. ce s to beat s 
515 cm. contraction very w k 

>I Responds to S18 cm. but not to S19 finite refractory 

eight 5 mm 

Experiment S81, April, 1906.— Rana cet in i 

i a.M. Frog pithed and fastened in plac lesct l t 

10.16. Rate, 50.4 per mir ght, 1 mm ids to S25 
one-third in D 

10.18. Rate, 52.5 per minute eight, 1 
(uncertain). 

10.24. Injected 2 to 4 c. In course of 2 ( . height 
creased from 9.8 to 5 mm., then ceases t t for 38 secor 
which a single contraction is followed by a | of 18 second 
heart now continues to beat for a time at a rate of 3 r minute 
3.3 mm.; slight increase in tone 

10.27. Kate slower, contractions very feel 

10.31. Height, scarcely 0.5 mm.; refractory per till present 
with S13 cm.; ceases to beat spontaneously. 

10.38. Strong stimuli cal! forth weak contraction refractory | 


still present. 


12.424 Rate, 3 per n te : eight rad 2 
4-2, 1.9, 0 mm 
! 
ter 
| 
i 
4 


